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1 0 INTRODUCTION 

This document represents d malor modtficdtion to the Final Propowd lnrerim MeaJuredlnrerim Remedial 
Action (IM/IRA) Decision Document for tile Solar Evaporation PondJ (SEP), Operable Uiiir (Ob') 4 
(DOE, 1992) The orignal IM/IRA was written as a result of dn dgreement dmong the Department ot 
Energy, Rocky Flats Field Ofice (DOE RFFO), Colorado Department of Public Health dnd Environment 
(CDPHE). and Enwonmental Protection Agency @PA) to address the issue of contarmnated surface water 
in a w o n  of North Walnut Creek Drunage at the Rocky Flats Environmental Technology Site (RFETS) 
T h ~ s  Decsion Document presents an evaluauon of remednl alternatlves dnd the proposed remmal amon 
for managmg the Solar Ponds Plume (SPP) to ensure protecuon of surface water At present, water 
collected from the SPP by the Interceptor Trench System (ITS) is treated by flash evaporauon at Buld~ng 
374, however, the present collecbon system is not effectlve in capturing all contarmnated groundwater flow 
from the SEPs (DOE, 1994) RFETS undertook a study to evaluate more cost-effecuve treatment 
technologes for the SPP (RMRS, 1997a) Although reducing the cost of treaung the SPP water was the 
primary reason for idenufymg an altmnauve treatment method, the alternauve is also d long-term 
solubon/rem&abon for the SPP 

In a-bon to presmng the proposed remdal amon, this Decsion Document presents the results of 
groundwater quahty and hydrogeologml evaluabons of the SPP conducted in 1997 and 1998 Thrs 
informauon supported alkmauve analyses and the selectlon of the proposed remecllal actlon Intercquon 
and treatment of the mtrate plume wll mugate a comnumg source of contarmnauon to North Walnut 
Creek The SPP IS ranked 16" on the 1998 Enwonmental Restorauon Ranlung List update to RFCA, e ALLachment4 

1 1 Background 

RFETS is a government-owned, contractor-operated facihty formerly used for the fabricauon of special 
nuclear materials for nattonal defense The 6.550-acre site is located in Jefferson County, Colorado, 
approxlmatdy 16 mles northwest of Denver (Figure 1-1) The ciues of Boulder, Broomfield, Westrmnster, 
Golden, and Arvada are located less than 10 mles to the northwest, northeast, east, south, and southeast, 
respectwely 

Centrally located withln the RFJZTS boundary is a 400-acre security area called the Industrial Area (IA) 
A hlgh security Protected Area (PA) is wimn the IA The remamng 6,150 acres consist of undeveloped 
land used as a buffer zone to further hmt access to the operauons area (Figure 1 - 1 ) FabncaUon 
operabons began at the RFETS in 195 1 and ceased in 199 1 when the RFETS was placed into shut-down 
condbon 

Operattons at the site resulted in the generabon of liquid and sohd wastes contwmng radoacbve and 
hazardous const~tuents that were managed in various waste processing uruts The SEPs, located in the 
northeastern porbon of the PA, were one of these waste processing u n ~ t s  (Figure 1 - 1 )  The SEPs were 
operated primarily to store and evaporate radoactwe process wdstes and neutrahzed acidc process wastes 
contamng hlgh levels of mtrate and alununum hydroxide from 1953 to 1986 Leakage from the SEPs has 
contamnated the shdllow groundwater in  the area The SPP has mgrated down the hlllside to the north Of 

the SEPs and into North Walnut Creek ab 
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Page 3 of 55 0 In ad&tlon to the ITS constructed in 198 1, the two IMARAs that inmated remedatlon at the SEPs also 
influenced the SPP The Final Proposed IMZIRA Decision Docunientfor the SEPs OU 4 (DOE, 1992) 
wds dpproved in 1992 and included construmon and utllizatlon ot three temporary storage tanks dnd 
dssaidted piping to contam and trdnster water collected by the ITS The modular stordge tanks (MSTs) 
dre ladted on the hll to the northwest of the SEPs At present the wdter trom the MSTs is transferred to 
Buildmg 374 tor flash evaporauon 
Document for the SEPs was prepared (DOE, 1995) The actlon implemented for the SEPs included the 
removal of hqmd and sludges from the SEPs 

In 1995, the Draft OU 4 IM/lRA Environmental Assessment Decision 

1 2  Purpose 

Th~s Decision Document outhnes the remdauon strategy, treatment goals, applicdble regulatory 
reqwements, dnd implementauon schedule to accomplish long-term dnd more cost-effective remedy for the 
SPP groundwater intercepuon, management, and treatment The SPP is currently being managed and 
treated accordmg to the amended I W R A  (DOE, 1992, DOE, 1995) 
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X brief descripuon of the conceptual model for the project (Section 2 1 ) a\ well 
investigauons (Sectlon 2 2), preview remedul acuons (Section 2 3) and recent investigduons and 
et dluauons (SecUon 2 4) is provided in the tollowing sectlons 

d vxnrnarv of preview 

2 1 Conceptual Model 

Components ot the conceptual model include the geologic and hydrogeologic setungs dnd surface water 
hvdrology intluencing the SPP 

2 1 1 Geologic Setbng 

RFETS is located between the Front Range to the west and the Denver Basin to the edst Since only 
Quaternary and Cretaceous deposits affect the SPP other deposits were not Cllscussed in thts sect~on. The 
Quaternary surficial deposits overhe the Cretaceous bedrock u ~ t s  (Arapahoe and Larme Fomt~ons) and 
cover most of the ground surface at RFETS These deposits vary in thtckness across the site, and thw 
physical characteristm control the groundwater recharge, near-surface flow, and contarmnant rmgrabon 
wthm the umts 

The Rocky Flats Alluvlum is the most laterally extensive Q u w  deposit at RFETS and covers the 
plateau on whch the SEps were constructed The Rocky Flats Alluwum is composed of clay, sllt, sand, 
and heterogeneous pebbles. cobbles, and boulders Amficial fill and collu~um are found together m the 
ITS area and to the southeast of the SEPs Valley fill alluwum 1s cornposed of clay, silt, sand, and pebbly 
sand with silty and cobble gravel lenses and is found in the Walnut Creek dramage (DOE, 1995) 
Together, these deposits are referred to as “unconsohdated deposits” or “alluwum.” ~ c k n e s s  of the 
unconsohdated deposits in the wcintty of the SEPs and SPP is shown on Figure 2-lranges from 1 to 22 5 
feet with the thckest areas of alluwum to the northeast (near well 46393) and southeast (near well 
P2 19489) of the SEPs (DOE, 1995) 

a 

The bedrock beneath the unconsohdated deposits in the SPP area is composed of claystone and silty 
claystone, with sandy siltstone and lenticular sandstone b d e s  The claystones and siltstones are likely 
part of the Larame Formauon, whle the sandstones are more hkely part of the Arapahoe Formation 
Claystone is the predormnate lithology in the SPP area, although more permeable umts (silty/sandy 
claystone, siltstondsandy siltstone, and sandstondclayey or silty sandstone) subcrop beneath the 207-C and 
207-B ponds Weathering-induced fractures and fracture filhngs in bedrock claystones and siltstones have 
increased the permeability of these umts and imparted an addhonal degree of friabihty to the coarser- 
grained sandstone umts (DOE, 1995) The th~ckness of the weathered bedrock in the SPP area is shown on 
Figure 2- 1 The competent bedrock underlying the weathered zone is relauvely unfrdctured and generally 
contains httle water An inactive north-trendmg reverse fault has been postulated to run under the SEP 
207-B ponds to North Walnut Creek and contmue northward to join a northeast-trendmg fault 
dpproxiniately one nule to the north of the SEPs (Figure 2- 1) Based on lithologic correlation, the 
displacement (not illustrated) dlong ths fault varies from 50 fee€ at the southern end to 90 feet at the 
northern end (EG&G, 1995a, 1995c) The locations of Cross-Sections A-A’ and B-B’ are idenbfied on 
Fisure 2- 1 Cross-secuons A-A’ and B-B’ (Figures 2-2 and 2-3) illustrate the geology of the SPP area @ 
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GVJUndWdter flow enters the SEP ,ired troni the west-southwest in the upper hydrosuaugraphlc umt 
(UHSU) (unconsolidated deposits dnd wedthered bedrock) Groundwater flows eastward beneath the SEPs 
and then diverge\ to the north-northeast toward North Walnut Creek and to the east-southeast toward South 
Wdlnut Creek (Figure 2-3) Ths &vergence in groundwater flow 15 cdused by an east-west trendmg 
bedrak hgh beneath the SEPs dnd natural topographlc breaks in these d~ecbons (DOE, 1995) Locabzed 
lrdcturing in the claystone dnd siltstone, pdleochannels, and the presence of the more permeable subcrops in 
the wedthered bedrock provide potenual preferenual groundwater flow pathways for contarmnant rmgrabon 
between the stratqyaphlc UIlltS Two large bedrock channels in the Arapahoe Formabon are present m the 
SEP ared (Figure 2-3) The incised bedrock channels affect the flow of groundwater 

The groundwater flow path is very complex due to the varyng hcknesses of the UnconsOhdated deposits 
and weathered bedrock wts and the hgNy variable pnmary and secondary permeabihues of the two u t s  
The combinauon of the varyng hckness of the unconsoltdated deposits and seasonal water table 
fluctuafions result in large areas of the unconsohdated deposits in the ITS area becormng unsaturated The 
hydraulrc gracllent between the unconsohdated deposits and weathered bedrock at the SEPs is downward, 
due to infiltrauon of rwnfall at the ponds Once the groundwater reaches the valley fill alluvium in the 
North Walnut Creek drwnage, the hydraulrc gradtent appears to drive the groundwater upward from the 
weathered bedrock to the alluvium resulhng in seeps along the hlllside to the north of the SEPs (DOE, 
1995) 

Recharge and subsurface inflow to the SEP area mgmm from both natural and anthropogmc sources 
Sources of recharge to the SPP lnclude natural groundwater flow entemg the SEP area from the west and 
southwest, infltratron of precipitabon on the SEPs and the ITS htllside, runoff from the PA duetted to the 
ITS, and water used for dust suppression at the SEPs 

I) 

2 1 3 Surface Water Hydrology 

e 

The primary creeks in the immedtate wcimty of the SPP are North and South Walnut Creeks and No Name 
Gulch North Walnut Creek is located approxlrnately 1 ,OOO feet north of the SEPs and approxlrnately 100 
feet lower The hllside extendmg from the SEPs northward to North Walnut Creek has a relauvely 
umform slope of 1 10 The surface topography to the north of North Walnut Creek rises steeply, simlar to 
that observed on the south side of the Creek (See Figure 2- 1) Flow In North Walnut Creek generally 
ranges from a low of approxlrnately 0 007 cubic feet per second (cfs) in the summer and fall to a hgh of 
5 05 cfs as measured in the spring at gauging stahon SW093, on the upstream edge of the SPP The flow 
is managed via four water storage areas referred to as the A-Series Ponds Pond A- 1 is the closest to the 
SPP and Pond A-4 is closest to the R E T S  eastern boundary South Walnut Creek begins approxlmately 
1 ,OOO feet southeast of the SEPs Flow in South Walnut Creek IS managed via the B-Series Ponds North 
and South Walnut Creeks and No Name Gulch join to form Walnut Creek downsueani of Pond A-4 
Nitrate concentrdtions at SW093 generally range from 1 to 2 nulligrams per liter (nig/L) and uramum 
activities (all isotopes combined) range from approximately 4 to 6 picocuries per liter (pCdL) 

i h 
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, Previous invesugduons hdve been conducted to characterize the SEPs dnd ndture dnd extent ot 
Lontarmnauon associated with the SPP Operauonal hstory of the SEPs IS contained witlun thcse 
references As stated in SecUon 1 I ,  studles to evaluate the efkctivenes of the ITS hdve dlso been 
Londucted These invesUgauons/studies dre detarled in the following 

OU4-SEPs, IMZIRA Environniental Assessnient Decision Document, Li S DOE R E T S  
February, 1995 (DOE, 1995) 

Final Phase II Resource Conservation and Recovery Act (RCRA) Facilin InveJtigation/Remedial 
Investigation (RFURI) Work Plan, OV4, SEPs, RFER-94-00040, U S DOE, RETS,  September 
1994 (DOE, 1994) 

0114 SEPs, Phase II Ground Water Investigation, Final Field Program Report, ERM, February 
1996 (ERM, 1996) 

Management Plan for the ITS Water, RFER-96-003 1 UN, Rocky Mountwn R e d a h o n  
Smces (RMRS, 1996) 

SPP Remediation and ITS Water Treatment Study, RF-RMRS-97-093 UN, Rocky Mountwn 
R d a t t o n  S m m  (RMRS, 1997a) 

From these invesugaUons/stu&es it is known that the SPP 1s conmned vvlthtn the UHSU The primary 
contarmnants in the plume are urmum and mtrate, although other metals have also been detected above 
background groundwater Concentrauons The m a t e  plume extends from the vicimty of the SEPs, for 
approxlmatdy 1,400 feet in a northeastward drectton to North Walnut Creek, and approxlmately 1,400 
feet to the southeast and east toward South Walnut Creek (Figure 2-4) Avadable data 1ncimt.e that the 
uramum plume is hrntted to the plateau where the SEPs are located, although it may extend into the ITS 
(Figure 2-5) The pornon of the SPP contatlung the htghest mtrate concmtraUons extends from the northern 
portion of the SEPs in a northeasterly duechon to North Walnut Creek. Nitrate concentrauons in the SEP 
area range from 0 06 m&n to the east of Pond 207-B Center to 5,400 mg/L to the north of SEP 207-B 
North In the North Walnut Creek drwnage, nitrate concentrauons range from 640 mg/L at the eastern end 
of the SPP to 0 06 mg/L at the eastern end of the SEPs (Figure 2-4) Nitrate concentraoons downgraaent 
of the ITS appear to be a combinauon of hstorical and current flow, and can not be attributed solely to 
groundwater flow prior to installauon of the ITS (RMRS, 1997a) The lughest total urmum isotope 
acuvity concentrauons (total of all hssolved urmum isotope acuviues) are found near the center of the 
SEPs and range from 655 pCdL to 1,605 pCdL (Figure 2-5) 

Tdbles 2-1 and 2-2 summarize surficial and subsurface soil data from previous Invesogdbons Table 2-3 
sunmiarizes SPP groundwater analytical results that exceeded the Tier I or Tier I1 groundwater acuon 
levels or the North Walnut Creek surface water actlon level Low concentrauons of voldtlle orgdmc 
compounds (VOCs) (I e , chloroform, carbon tetrachloride, trichloroethene, and tetrdchloroerhene) have 
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Page 15 of 55 @ been idenofied in the SPP groundwater, however, in general the concentrauons ot VOCs in the SPP on the 
northern side of the SEP\ do not exceed RFCA Tier I1 Concentrduons or r e  non-detem These were not 
included in the contarmnduon summdry becduse the dpparent wurce of VOC contdrmnduon is upgrddent 
ot the SEPs Several metals (includlng seleruum and mdngdnae) exceed the site proundwdter acuon levels 
\et forth in RFCA (DOE, 1996) 

I 0 4  I 

Momtoring muon SW095, located dt the ITS pump house (Figure 2-4). allows sampling of the water 
collected by the ITS The contmnants that have been morutored are rutratdmuite and urmum isotopes 
One to four samples representauve of the rutratdmtnte concentrauons in the ITS during previous low flow 
muons were collected each year between 1992 and 1998 The resultmg ruuatefmuite yearly average 
concentrauons show a consistent downward trend at SW095 over the last six years (Figure 2-6) The 
maxlmum mtratdmtrite concentrauon recorded at SW095 was 440 mg/L. in 1992 The decrease in 

muatdrutrite concentrauon corresponds with the removal of sludges and hquids SEPs during the 1993 to 
1995 ume period and is possibly attributed to the removal Removal of the sludges and hqud removed the 
source of contmnatton and also reduced the hydraullc head whch is beheved to have accelerated 
contarmnatton rmgrabon into the unconsohdated matenals under1ynf.j the SEPs 

Figure 2-6. Nitratdrutrite yearly average concentrabon versus time at monitoring stahon SW095 
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Sdniples of water collected by the ITS are generally not collected during the h g h  flow season primarily 
because the resulhng mtratdrutrite concentrauons are substanually lower than those collected during low 
flow season due to &luUon by infiltrahon of precipitation to the system 

Since rutratelmtrite concentrauons have been the primary concern regardmg the ITS water, fewer samples 
were analyzed for uraruum isotopes Five samples from SW095 were analyzed for uraruum isotopes in 
1989, three in 1990. one in 1991, one in 1995, four in 1997 and three in 1998 The stream standard for 
uraruum in North Walnut Creek is based on total uramum activity Consequently, the uramum isotope 
dctwitm from each sample were totaled and an average for each year with muluple samples was Obtdined 
These data r e  illustrated in Figure 2-7 and show a downward trend sinular to that observed tor 
iutrdtdmtrite 
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Date 

The activlty ofthe one sarnple from 1995 1s much lower than the other samples because it represents a high flow event, *cas the other saqdes 

represent averages of low flow events 

2 3 Previous Act~ons 

Between 1970 and 1974, six trenches were installed on the iullside to the north of the SEPs to collect 
leakage from the SEPs Collectlon of pond leakage was implemented to decrease the volume of hqh mtrate 
groundwater dscharging to North Walnut Creek and increase slope stabihty Water collected from these 
trenches was pumped back to Pond 207-B North 

The orignal trenches were abandoned in place and an expanded trench system of fiench dram was 
installed in 1981 and is shll in use today (Figure 2-8) Water collected by the ITS flows by gravity to the 
pump house located near North Walnut Creek Untd 1993, water collected by the ITS conhnued to be 
recycled to Pond 207-B North In 1993, three 750,000-gallon MSTs were installed on a hllside on the 
north side of North Walnut Creek. Water is temporarily stored in the MSTs and then pumped to Bwlcllng 
374 for evaporahon 

The depth of the french dram comprising the ITS range from 1 to 27 feet below ground surface (bss), with 
typical depths of 4 to 15 feet bgs (EG&G, 1994) The gravel-filled trenches are approximately 1 foot wide, 
with perforated pipe in the bottom to intercept and transport groundwater flow to the ITS pump house 
The trenches are covered with topsoil dt the surface to mmmne the collection of storm water runoff dnd 
dllow for begetdtive growth 

@ 
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RMRS (1996) proposed to dsconttwe treatment of the ITS water in Buildmg 374 The proposed acttons 
wed d phased approach in the management of ITS water These phases included 

Phase I Cessdtion of treatment dnd trdnsport of ITS water dIrectl\ to Pond A-4 the final point ol 
discharge of wrtaLe water from the site 

0 Phdse I1 Direct release of ITS wdter into North Wdlnut Creek drdlndge 

Phase 111 Complete decomrmssiorung of the ITS 

A detaled evaluatlon of site hydrology, surface water flows and water quality, and the impact of ITS water 
wds conducted A computer spreadsheet model was developed to simulate water quahty at points of 
compliance under the proposed phases of ITS management Using flow and water quahty results for North 
Walnut Creek for the period October 1, 1992 through February 29, 1996, predcted seasonal average flow 
values and pr&cted seasonal average concentrattons of rutrate and total urmum acttwttes were calculated 
for North Walnut Creek for each phase The results of each phase indtcated that the seasonal average 
rutrate concentrattons and urmum amwttes would meet the apphcable stream standards at the points of 
comphance However, actual dscrete water-quahty measurements were expected to vary over ttme 
During p o d s  of low influent surface water flows, resultant water qualtty in North Walnut Creek would 
approach the water quahty of the ITS watm Therefore, actual =mum and rmrumum North Walnut 
Creek water quabty would depend strongly on the future quanttty and qualtty of both the ITS and North 
Walnut Creek. 

2 4 Recent Investrgatrons and Evaluatrons 

Recent investtgattons and evaluahons focused on gathmng the informatton necessary to determne a long- 
term cost-effeave remednl alternauve for the SPP Data from prevlous investtgattons were rewewed and 
d~screpancies between the data and previous interpretattons of areas keyed to bedrock were observed 
These observattons prompted a more -led remew of the geologic data in the SPP area inc ludq data 
collected since 1994 The results of the rewew indmtes the hthologic mts in the ITS area are substanttally 
more heterogeneous than prevlously thought and precluded an accurate assessment of the effectmass of 
the current ITS system (Grigsby, 1998) However, it is apparent from the downgrahent water quahty that 
some groundwater affected by contamnant infiltrahon from the SEPs is not bang captured by the current 
ITS 

Data gaps regardmg the nature and extent of the SPP, local hydrogeology, agronomc properhes of SPP 
soil, and uraruum uptake by deep-roobng vegetabon were idenbfied with respect to the selectton of a 
renidal actlon technology and were dddressed during recent investtgahons (RMRS 1 9 9 7 ~  RMRS 1 9 9 7 ~  
RMRS 1997d) The ddta gaps were as follows 

0 Definmon of current vertxal and lateral extent of the SPP (rutrate and uramunl) 

0 Refinement of the conceptual hydrogeological model 

0 Use of analyticdl models to simulate locdl groundwater flow and predlct the concentrations of 
rutrate and uranium i n  the groundwater that will dischdrge to North Walnut Creek under various 
wendrios 
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EValUdtlOn ot the uramum uptdke of vegetation presently in the SPP dnd comparison of these ddtd 
to background ddtd 

Evduatlon of dgronormc properue!! of soils in the ITS dred where d phvtoremdatlon \vstem [nd\ 
be placed 

0 Evaluahon ot urmum isotopic ratlos of groundwater samples from the SPP and background 
locahons tor idenbfying locahonc; where uramum in groundwater can be attributed to leakage from 
the Solar Ponds 

0 Treatability studes of ITS water dt Bwldng 995 and evaluabon of uramum content of biosohdq 

The field inveshgatlons were conducted from October 1997 through May 1998 and included well 
installahon, groundwater samphng and analysis, vegetabon samphng, and soil samphng for agrommc 
parameters The results were used to refine the altmnabve evaluahon and assess the hydrogeologcal 
condhons 

2 4 1 Well Installahon 

Two areas where addmonal groundwater data were needed, to the north of the SEPs near North Walnut 
Creek and to the southeast of SEP 207B-South in the South Walnut Creek drsunage, were ident~fied in the 
OU 4 Phase II Groundwater Inveshgatlon Report (EM, 1996) In February 1998, a WProbe was 
used to install four wells in these areas One well (03498) was lostalled to the north of the SEPs and three 
wells (03198,03298, and 03398) were installed to the southeast of the SEPs (Figure 2-9) Well 03198 
was dry, but the other three wells contiuned sufficient water for analyses 

e 

2 4 2 Groundwater Sampling Events 

The primary objective of the groundwater samphng was to determne the nature and extent of the SPP 
(mtratdmtrite and uramum) in the unconsohdated deposits, weathered bedrock, and competent bedrock 
during the low-flow (late falVearly winter) and hgh-flow seasons (spnng) A secondary ObjeCtIVe was to 
evaluate the amount and &stributlon of naturally occurring uramum present in the SPP groundwater Two 
sampling events were conducted to accomphsh these objechves Ninety wells were included in the first 
(low-flow) samphg event, whch took place from November 1997 through February 1998 The samples 
collected dwng the low-flow event were analyzed for a combinahon of mtratdmtrite, urmum isotopes, 
and VOCs Detals of the samphng program are provided in Sampling and Analysis Plan for 
Groundwater Sampling and Well Installation in the SPP Area, RF/RMRS-97-136, February 1997 
(RMRS, 1997b) 

Seven wells were included in the second, limted (hgh-flow) event, whch took place in Mav 1998 The 
wells were selected to represent the different parts of the SPP, as well ds the unconsoliddted and wedthered 
bedrock uruts ot the UHSU The samples collected during the hgh-flow event were andlyzed tor 
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dnalytes tor each sampling event Sampling locahons are presented on Figures 2-9 and 2- 10 The results 
of these sdmphng events dre presented on Figure\ 2-4 dnd 2-5 dnd summarized on Table 2-5 The met& 
results dre shown on Table 2-5 Only mdngancje dnd seletuum exceeded d groundwater or surtdce wdter 
dmon level in these samples 

2 4 3 Vegetahon barnpiing 

Sdmples ot trees dnd grasses were collected in November 1997 from two drdlndges (North Walnut Creek, 
withm the SPP and Lindsey Ranch in the Rock Creek drwnage--considered background) The samples 
were analyzed for urmum isotopes to deterrmne if there was detectable urmum uptake into the plants 
trom the groundwater and any lfferences in uptake between the locattons between the vegetatton types or 
between plant t~ssues (leaves vs woody materials) Leaves and branches of cottonwood trees were 
collected from two trees at the North Walnut Creek locatton (see Figure 2-9) and one tree at Lindsey 
Ranch (See Figure 2- lo), grasses were collected from  ne locattons along a 100-foot transect at each site 
D a i s  of the sample c o l l a o n  and analysis were presented in the Sampling and Analysts Plan for 
Vegetation in the Area ofthe SPP (RMRS, 1997c) Th~s effort was an imttal s c r m n g  to deterrmne if 
there were sufficient levels of urmum in plant materials to warrant addmonal testlng 

The results of the urmum isotopic analyses of the vegetatton samples are shown in Table 2-6 Acttvit~es 
in plant materials ranged from 0 008 to 0 159 pCdg There is an apparent d~ffereme in the urmum 
acovittes between the cottonwood leaves at the two locattons The leaves at the North Walnut Creek 
locatton comned approxlmateay SIX ttmes more uran~um than the leaves at the Lrndsey Ranch locat~on. 
The results for the grasses and cottonwood branches appear to be essentially the same at both locations, 
although the hmted number of samples precludes a rigorous comparison between the results at the two 
locattons These results inacate that whde uran~um uptake by plant materials does occur at RFETS, it 
does not appear hkely that cottonwood trees and grasses (the most common vegetanon in the SPP area) 
would concentrate uramum from soils and groundwater and asperse th~s urmum d u n g  fall leaf drop 

0 

2 4 4 Soil Sampling for Agronormc Parameters 

To assess the viabihty of phytoremdatton as a remdal  alternahve adattonal informauon regarang 
agronomc conahons of the soil in these areas was necessary Two transects were constructed one 
trdversing approxlmately 900 feet of the plume area and a second of approxlmately 275 feet, peqend~cular 
to the first, through the most concentrated pornon of the SPP A GeoProbem was used to drill five, 8-foot 
deep boreholes at the locahons shown on Figure 2-9 

Two Famples, representlng the upper and lower portrons of the borehole, were collected and analyzed for 
the following parameters 

0 

Soil texture (field dnd laboratory methods) 
Standard soil tests (orgaruc matter, pH. electrical conductmy, cation exchdnse capdaty) 
Avdilable nutrients (phosphorous, potassium. tutrogen species, sulfur, magnesium, calcium, SodIUm, 
iron, alumnum, manganese, copper, zinc) e Urdruum 
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Table  2-4 Summary of Wells and Andlytes from 1997-1998 Samphng Events 

First Event 
U(A) 

Well Type 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 
Background 

South Walnut Creek 
South Walnut Creek 
North Walnut Creek 
North Walnut Creek 
North Walnut Creek 

New Well, SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
SPP 
s PP 
s PP 
s PP 
s PP 
SPP 
SPP 
SPP 
SPP 
SPP 
s PP 
SPP 
s PP 
s PP 
s PP 

Upgradient of SPP 
SPP 
SPP 

Second Event 
Not Sampled 

Unit Screened 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 

Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 

Bedrock 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsohdated Deposits 
Unconsolidated Deposits 
Unconsohdated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsohdated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Un con sol Ida ted Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 
Unconsolidated Deposits 

Unconsol Neathered Bed 
Unconsol Neathered Bed 

U(A) 
N03,  U(A) 
U(A) 
U(A) 
U(A) 
N03,  U(A) 
Dry 
N03,  U(A), U(1CP) 
N03. U(A) 
N03, U(A) 
N03. U(A) 
N03, U(A) 
Dry 
N03. U(A) 
N03. U(A) 
N03,  U(A) 
Dry 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
N03,  U(A) 
NO3 * 
N03,  U(A) 
voc 
N03,  U(A) 
N 0 3 ,  U(A), VOC 

Well 
Number 

5586 
10294 
5386 

B102289 
B200589 
B202589 
B 205 5 89 
B302789 
B201589 
B203 189 
B203489 
B305389 
B405489 

Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
N03,  U(Ah METALS 
Not Sampled 
Not Sampled 
NO3 U(ICP), METALS 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 

B304989 
75992 
75292 
10594 
10694 

P114389 
03498 
1586 
2286 
2686 
3887 
5687 

29795 
41 193 
45093 
45393 
45793 
46293 
46393 

P209789 
05093 
05193 
05293 

B208589 
Bmu 
rrZlW9 

pzrmag 
P207889 

P207689 
P209289 

41693 
41993 

Anatyte suite- I Anrlvte Suite- 

Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
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Well 

Number 

rable 2-4 (contmued 
Analyte Sute- Analyte Suite- 

First Event Second Event Well Type 
3 PP 
< PP 
SPP 
7PP 
3 PP 
5 PP 

Neu Well SPP 
New Well, SPP 
New Well, SPP 

3 PP 
SPP 
s PP 
s PP 
s PP 
s PP 
SPP 
s PP 
SPP 
s PP 
s PP 
s PP 
SPP 
SPP 
SPP 
SPP 
SPP 
s PP 

43293 
43593 
43893 
43993 
45893 
45993 
03198 
03298 
03398 
3086 

23995 
26995 
28295 
29395 
30595 
30695 
45693 
46193 
76292 
02691 
05393 

B208689 
B210389 
€907989 
P208989 
P209089 
P209189 

lP2W&@" 
P209589 
F'209889 
P210089 
F'210189 
I219589 

1486 
1686 
2386 
2586 
2786 
3286 
3987 

SPP 
s PP 
s PP 
SPP 
SPP 
s PP 
s PP 
SPP 
SPP 
SPP 
s PP 
s PP 
SPP 
s PP 

Drs 
NO3 U(A) 
NO3 U(A) VOC 
N03,  U(A) VOC 
NO3 U(A) VOC 
Drv 
N03,  U(A) 
NO3 * 
N03,  U(A) 
N03,  U(A) 
Dry 
Dry 
N03,  U(A) 
VOC* 
N03,  U(A), VOC 
Dry 
N03,  U(A), VOC 
N 0 3 ,  U(A) 
N03,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N03. U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N03. U(A) 
N03. U(A). U(ICP), 
voc 
N 0 3 ,  U(A), VOC 
N 0 3 ,  U(A),U(ICP) 
N03,  U(A) 
N 0 3 ,  U(A) 
N03. U(A), VOC 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 
N 0 3 ,  U(A) 

Unit Screened 
Unconsol Weathered Bed 
Unconsol Weathered Bed 
Unconsol Weathered Bed 
Unconsol Weathered Bed 
Unconsol Neathered Bed 
Unconsol Weathered Bed 

Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 

Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 
Weathered Bedrock 

Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 

NOTES 
RFCA Well\ = Shaded 
Fir\t Event = Fall 1997Ninter 1998 (Low-Flow) 
Second Event = May 1998 (Hlgh-Flow) 
* = Not enough water tor other analye\ 

Not Sampled 
Not Sampled 
Not Fdmpled 
N03,  U(ICP) METALS 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
N03,  U(ICP), METALS 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 

N03,  U(ICP), METALS 
Not Sampled 
N03,  U(1CP). METALS 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 
Not Sampled 

P208889 IN03, U(A) - I Not Sampled 

NO3 = NitrateMitrite 
U(A) = Uranium Isotopes by Alpha Spectrobcopy 
U(ICP) = Uranium hotope\ by ICPlMS 
VOC = Volatile Organic Cornpound\ 
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42993 43W3 P209889 B208689 B21048Y 1'209489 P20948Y 
( P a )  ( P a )  ( P a )  (vp%) ( P a )  ( P d U  (Pg%) 
28 7 37 13 4B 13 OB 18 6 15 OB 12 OB 
2 ou 2 ou 2 ou 2 ou 2 ou 2 0 3 ou 
2 ou 2 ou 2 ou 2 ou 2 ou 2 ou 2 ou 
124 99 2B 113 14 6B 112 77 8 76 7B 
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Table 2-5. Metals Results from May 1998 SPP Groundwater Sampling 

Tree 1 - Leaves 
Tree 1 - Branch 
Tree 2 - Leave 
Tree 2 - Branch 
Average - Leaves 

GT~SS~S  - Site  1,2,3 
Grasses - Sites 4,5,6 
Grasses - Sites 7,8,9 

Average - Branches 

A v e r a m  

0 085 0 003 0 071 0 159 
0 007 OOOO 0 001 0 008 
0 OS5 0 001 0 059 0 115 
0 008 0 001 0 007 0 016 
0 070 0 002 0 065 0 137 
0 0075 0 0005 0004 0 012 
0 014 0 001 0 018 0 033 
0 012 0 001 0 013 0 026 
0 007 0 001 0 008 0 016 
0 011 0 001 0 013 025 

. ., , , uniaar?y &WCh , , .- , .., , 

Tree 1 - Leaves 0 009 OOOO 0 012 0 021 
Tree 1 - Branch 0 006 0 001 0 006 0 013 
Grasses - Sites 1,2,3 0 017 0 001 0 023 0 041 
Grasses - SWS 4,5,6 0 019 0 001 0 020 0 040 
Grasses - Sites 7.8,9 0 011 0 001 0 015 0 027 
Average - Grasses 0 016 0 001 0 019 0 036 
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Demls of the sample colle.c%on and analysis are described in Sampling and Analysis Plan for Soils in the 
Area of the SPP RF-RMRS-97- 128, RMRS, 1997d The results of the agronormc tests and analyses were 
u\ed in the phytoremdauon evdludhons The ddtd horn the soil samples collected as part of Site 
chardcterizauon for the phytoremrxhahon system &d not clearly incficate dny sigmficant chermcdl 
lirmtauons to plant growth, however, dndlyticdl methods were not opumal for agronomc interpretauons 
AddItIOndlly, restricuons of effectwe rooung depth for some of the soils present upland of the SPP indcate 
the area may not ideal for implemenhng phytoremdauon 

2 4 5 Hydrogeological Evaluabons 

Avalable RFETS and SPP-specific geologic, hydrogeologc, surface water, water quahty, and 
nieteorologxal data were renewed to deterrmne if they were adequate or sufficient for development of 
groundwater flow dnd transport models, the results of whch were used in the altemauve analysis (Seaon 
3) Informuon regardmg SEP use and waste characterisms and ITS construmon and operattons were also 
reviewed In general, the data were found to be adequate for development of the site conceptual model and 
groundwater flow and transport models However, sufficient site-specific data were not avdable for the 
parameters hsted below 

Volume of groundwater flowng under the ITS in the unconsohdated deposits and weathered 
bedrock, 

Nitrate concentratton and uramum acunty of groundwater in the ITS area, 

Oxygen redumon potent~al (Eh) and d~ssolved oxygen in ITS and groundwater near North Walnut 
Creek, 

Site-specific urantum transport and denttnficatton rate data, 

Locauons where SPP groundwater ascharges to North Walnut Creek, 

Nitrate concentrauon and uramum isotope acuviues in surface water of North Walnut Creek in the 
area of Solar Ponds groundwater plume, 

Historical data documentmg mtrate concentrattons and uramum isotope achvihes in SEP water 
over hme, 

Nitrate and uranium concentrahon data for groundwater on the north side of North Walnut Creek 

Literature values were used or assumptions were made to fill in these data gaps 

2 4 6 Evaluation ot Likely Sources of Uranium in SPP Groundwater 

An evaluauon of the source or sources of the uramum observed in the SPP groundwater (naturally 
occurring or the result of achvihes at the SEPs) was undertaken as part of the current invesUgaOons related 
to the SPP Th~s evdludhon included collecuon of groundwdter samples from wells screened in the 
dlluvium, wedthered bedrock, and competent bedrock in both background areas and the SPP area during 
the recent low-flow Deriod (November 1997 through February 1998) All low-flow samples were analyzed 

e 
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for urdmum isotopes by alpha spectroscopy (1 2 background wells, 5 wells in the Walnut Creek drrunage 
outside of the SPP, and 59 wells in the SPP area) Seven SPP wells were resampled during the tugh-flow 
vmon (April 1998) Seven background wells and mne SPP wells (four low-flow sdrnples and five hgh- 
flow sdmples) were analyzed for uramum isotopes by hgh-resoluhon inductive1 y-coupled pldsma/mass 
\pectroscopy (ICP/MS) at Los Aldmo\ Ndhonal Laboratory (LANL) 

The results of these analyses were used to calculate uraxuum isotope rauos, specificdlly, the raho of the 
number of atoms (the mass) of uramum-235 (U-235) to urmum-238 (U-238), whch can be used to 
differenuate between naturdlly-occurring and anthropogemc uraruum In naturallv-aLumn_g urdmum, the 
U-235 to U-238 mass raho is dpproximately 0 0072 Groundwater contrumng enriched uraruum resulhng 
from dn anthropogemc source has d U-235 to U-238 raho sigmficantly above 0 0072 groundwater 
contamng depleted urmum from an anthropogemc source has a U-235 to U-238 ratlo sigmticantly below 
0 0072 Anthropogemc uraxuum also contans measurable quantlhes of U-236, d product of fission 

As a first step in analyvng the source of urmum in the SPP groundwater, the alpha spectroscopy data was 
converted from sotope amwty to isotope mass and the U-235 to U-238 rahos calculated The resulung 
ralos were very incons-t. Samples collected from known background areas appeared to have a 
urmum source indxattng depleted or enriched uran~um. Inspeaon of the background data that idcated 
an anthropogemc source of urmum showed these samples generally conmned very low uraxuum isotope 
achvihes The standard alpha spectroscopy method has an error of approlumately 20% Tlus analyucal 
error is reflected in the calculated masses of the urmum isotopes of groundwater samples contamng very 
low isotopic actIwttes This is particularly a problem wth U-235. because it occurs dt low achvity in 

background groundwater, as well as in the SPP groundwater 0 
Because the alpha spectroscopy data was not considered to have sufliaeat resolutton for determmng 
urmum isotopic ratlos, seven samples from background we& and ntne samples from SPP wells were 
analyzed by ICP/MS at LANL (Figures 2- 10 and 2-5) The ICPMS method measures the mass of each 
isotope (U-234, U-235, U-236, and U-238) and has an error of 1% to 5% This level of accuracy prowdes 
better resoluhon for calculahng isotopic rams The wells selected for ICP/MS analysis represent the unde 
range of uramum aclviles found in background and SPP groundwater 

The uramum isotope masses resullng from the ICPMS analyses are presented in Tdble 2-5 and the 
isotopic ralos calculated from these andlyses are presented on Table 2-6 Figure 2-1 1 is a plot of U-235/ 
U-238 ralo versus U-236AJ-238 ralo for the samples analyzed by ICP/MS Th~s plot clearly shows five 
wells are outside of the group near the naturally-occmng urmum hne Since U-236 is a fission product, 
it is only present when the source of urmum is anthropogemc Dewattons in the U-235/U-238 raho from 
0 0072, in combinalon with detectable quanlles of U-236, present strong evidence for an anthropogemc 
source of urmum All five samples were collected from wells wthm 100 feet of the Solar Evaporauon 
Ponds, three of these samples indcate depleted uramum is present (increased U-238) and two samples 
indicate enriched uramum is present (increased U-235) T h ~ s  interpretahon is further supported by Figure 
2- 12, d plot of U-235/U-238 ralo versus totdl uramum mass There is no correlatlon between the totdl 
dctivity of uramum in the samples dnd the source of urdmum The five samples thdt iiidcated an 
dnthropogemc source of uramum had dctivihes between 6 497 dnd 1605 5 pCA,  whle the four Samples 
thdt indxated a natural source of uramum had achvitles between 42 274 and 72 72 pCdL e 
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Page 28 of 55 @ The U-235m-238 ratlos presented in thls table, in CombinaUOn W i t h  d lack of U-236. i d c a t e  that the 
uramum in dll bdckground samples is naturally acurring Four wells in the SPP ared also have U-235/U- 
238 rauos thdt inacate the uramum is naturally tncurring Three ot the tour SPP samples indcatlng 
natural source ot uranium O C C U K ~ ~  in the valley fill alluvium or wedthered bedrock adjacent to North 
Walnut Creek The tourth 5ample wds collected from the wedthered bedrak adjacent to the southern ITS 
trench approximdtelc 200 feet to the north ot SEP 207-B North These data indcate that Foundwater 
contamng anthropogemc uramum has not yet reached the groundwater adlacent to North Walnut Creek 
drarndge 

U-235 

W t e r  

41604 

00690 

00171 

04220 

o m  
00149 

20628 

00032 

00618 

00276 

The total uramum amwhes resultmg from the alpha spectroscopy analyses of the low-flow samphng event, 
a5 well as the urdmum source deterrmned by ICPMS. for the background wells and SPP wells are shown 
on Figures 2- 10 and 2-5, respectwely The values in the area where the urmum source was determrned to 
be anthropogemc are contoured Thls map Indcates that the urmum plume has not yet reached the 
groundwater adjacent to North Walnut Creek No wells urlthtn the ITS dram area conmned sufficient 
water to collect a sample for urmum analysis during either samplmg event 
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Table 2-8 C ldlculated Uramum Isotope Ratlos from ICP/MS Datd 

E = ennched 
D = depleted 
All others = natural 

SW = Solar Evaporation Pond Area 
BKG = Background Lncahon 
NWC = North Walnut Creek dramage 



Solar Ponds Plume Decision Document Document Number RF/RMRS-98-286 UN 
Date 01/05/99 Remsion Draft 

Page 30 of 55 

Figure 2-1 1 U-235AJ-238 Raho vs U-236AJ-238 Raho 

U-235lU-238 Ratio vs. U-236lU-238 Ratio 
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3 0 ALTERNATIVES EVALUATION/ ALTERNATIVES ANALYSIS 

As d~scussed in RMRS (1997a), origindlly eleven alternauves were evdluated dnd screened dgdnst d \et 01 

Crlterid As a result of th~s screerung, the technologies remned tor further analysis were no dction 
phytoremedauon, treatment at Buildmg 995, managed release, dnd enhanced evdporduon (RMRS 1997d) 
A re-dndlvsis ot dltemauves wds performed to incorporate 

Changes in selecuon criteria, 
A techrucal evaluauon of phytoremdatlon, 
A ueatabilrty study on the Builchng 995 operauon, and 
Recent techcal informauon on zero-valence iron 

The re-analysis included the followng alternauves 

No Acuon (Dlrect Release), 
Managed Release, 
Treatment at Bwldmg 995, 
Reamve Barrier, 
Ph ytorexmhabon, 
Evaporation at Bmldlng 374, 
Treatment at MSTs , 
constructed wetlands, 
Off-Channel Evaporabon Pond, 
Enhanced Evaporabon, 
Dispersion Field (Leach Field) 

Ad&tlonaIly, some of the al tmbves were evaluated using groundwater d w  and transport models to 
assess long-term effectweness The model desmpbons are summarized in Secuon 3 2 

3 1 Alternatwe Descripbon 

As d result of the re-analysis of alternatlves, the following alternauves are evaluated further in Appendx A 
and summarized in th~s secuon no achon, managed release, treatment dt Buildmg 995, phytoremdauon, 
dnd reacuve barrier Each alternauve was evaluated with regard to its ability to meet the long-term goals 
for the SPP and RFETS whch are to 

0 Ensure compliance with stream standards for rutrate and uraruum 

Provide a long-term, passive solutlon to the movement of contanunated groundwater from the SEP 
area to North Walnut Creek 

0 Support goals of the RFCA dnd the Site Closure Plan whch calls tor site closure wi thn  10 years 

0 Sipficdntly reduce SPP wdter nidnagement and treatment costs 

Meet the tiscdl year 1999 nulestone for itutiaung remadtion of the SPP 0 
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The no-dction dlternauve is defined dq no dahondl  dction d\ well ds d cessdtlon ot previous interim 
remedidl dctions Speuficdlly, the ITS MSTs, Interceptoi Ditch Pump House dnd dwxiated tixtures dnd 
pipelines would be dedcuvdted dnd decomssioned m\ dlternduve is idenucdl to the Direct Release 
Alternative in the SPP Remediation and ITS Water Treatment Studv (RMRS, 19971) Surface water dnd 
groundwater would flow into North Walnut Creek through naturdl conveyances Baduse the ITS system 
would be grouted as part of deactivation it would remam a pdrndl i m m m e n t  to groundwater flow and 
plume mgrauon, however, once steady-state condmons are met, the effemveness of the ITS as d barrier 
will hkely be neghgble Prior to implementlng grouting of the ITS, the impacts would be analyzed to 
ensure that it does not force the groundwater plume into prewously uncontarmnated areas 

3 1 2 Managed Release of ITS Water 

Implementability of the managed release dlternatwe assumes the interim rutrate surface water standard of 
100 mg/L is accepted Phase I of the alternatwe includes ceasing transfer of water from the ITS pump 
house to the MSTs allowing overflow from the pump house to North Walnut Creek The ITS would be 
decomrmssioned by grouttng after capping of the Solar Ponds in 2005 Techca l  evaluation of the impacts 
of the first phase on North Walnut Creek indtcates that the mtrate and urmum surface water standards 
would be met, except for infrequent seasonal exceedances (RMRS, 1997a) 

3 1.3 ITS Water Treatment at Bwldmg 995 0 
This r m d a l  altername would involve contmued collemon of the SPP by the ITS, storage at the MSTs or 
other tanks or ponds, and treatment at Bwld~ng 995 (the current wastewater treatmeat plant) rather than at 
Buildmg 374 Computer modehng was conducted to evaluate if the rutrate concentrations in the ITS water 
could be adequately treated by the Bwldtng 995 treatment system. The model results indtcated that the 
emsting facihtm at Buildmg 995 could adequately handle the ITS water The model also estnated the 
amount of awbonal urmum whch would accumulate in the biosolids of Budding 995 as a result of 
treatmg the ITS water The model results indxated that the u r m u m  in the biosohds would be wthm the 
acceptable range for land l sposal  

Buildmg 995 can accept 4 gallons per minute (gpm) of flow from the ITS, whch accommodates the ITS 
flow with the e x q u o n  of the h g h  flow season (I e , spring runoff) During spring runoff, the flow to the 
ITS would exceed 4 gpm As a result, storage of the excess water would be required 

Treatment at Buillng 995 costs less than treatment at Buildmg 374 (approximately $ 30 per gallon and 
$2 00 per gallon, respecuvely), therefore, it would provide a cost-effectwe interim dlternatlve for treatment 
of ITS water The primary drawback to selwtmg h s  alternahve as a long-term remedy is that it is neither 
permanent nor pdssive Treatment at Building 995 requires contmued use of the MSTs, ths  involves 
personnel to manage the transfer of water from the ITS to the MSTs and from the MSTs to Buildmg 995 
In dddItIon. Buillng 995 is scheduled tor decomnussiomng in 2006 and treatment of the SPP is expected to 
be required beyond 2006 to ensure conmliance with stream standards 
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Phytoremdatlon is a natural process whereby contdmnants in the subsuriace are dccumuldted converted 
10 biomass, or otherwise immobihzed via plant uptake Phytoremdatlon incorporate, dgronormc 
tahmques to ready the contaminated soil or soil overlying contammated groundwater tor planung and t o  
ameliorate chemcal and physical limtahons to pldnt growth The goal of phytoremdation is to either 
remove the pollutant from the contmndted matrix or to alter the chemcal or physicdl nature ot the 
contamnant w a n  the subsurface so thdt it no longer preqents d rirk to human health or the environment 

Two phytoremdatlon system designs were evaluated to assess the potenual eiiecuveness of 
phytoremdatlon in removing mtrate from groundwater in the SPP These were a passive system mi d 
combined passivdactlve system The design of both systems was based on the assumptlon that the 
uramum resulting from operatlons at the SEPs would be removed prior to the water entering the ITS The 
pdssive system would involve plantmg nahve phyreatophyhc (plants whch extend roots to the water table) 
vegetauon w t h n  the present SPP footpnnt Vegetahon in the passive system would not require lmgatlon 
once estabhhed because the groundwater wthm the footprint 1s shallow enough to allow the uptake 
requlred for growth In the process, the plants would use mtrate as a nument and allow accumulatlon of 
orgmc mtrogen m the soil However, the passive system is considered kmted because it can not be used to 
treat areas of the SPP where the water table is too deep to allow &rea uptake by the vegetatlon 

The passivdactme system included the passive system as described above, as well as an amve component 
placed outside of the SPP footpnnt to allow for treatment of the SPP in its entirety Water collected by the 
ITS would be used to mgate  the vegetahon in the m v e  component, thus removing the m a j ~ ~ ~ t y  of the 
m a t e  from the SPP groundwater Limtat~ons of the passivdamve system include 1) the use contarmnated 
plume water for mgatton outside the exlstmg plume area thus provichng a potenual avenue for awtlonal 
groundwater contamtnatlon and 2) the long-tenn operatlon and m a n t a a w e  of an migauon system 

In 1998, Preble’s Meadow Jumping Mouse (Zapus hudsonius prebler) was hsted on the Threatened 
Species List (50 CFR Part 17, May 13, 1998) One area of prime habitat extends along the North Walnut 
Creek dramage in a swath 100 yards wide on either side of the centerhne of the creek. Given th~s 
orientahon the habitat may extend into the ITS area It was recogmzed in the Draft Conceptual Design 
Report that implementahon of the phytoremdabon alternattve could possibly benefit the Preble’s Jumping 
Mouse habitat by the creahon of dense vegetation in the area, however, because the U S Fish and Wildlife 
Service (USFWS) must approve any achons that would &sturb the habitat of a threatened species 
impdments to implementabikty may be encountered 

3 1 5 Reactive Barrier 

The reachve barrier consists of a funnel system to dlrect grOUndWdter flow to a tredtment cell conturung 
zero-valence iron and a carbon source such as peat or sdw dust The rutrdtes would be chemxally reduced 
dnd uramum would immobilize in the tredtment cell through absorption and/or reduchon bv the iron 
Multlple treatment cells will be uhlized to better distribute the flow dnd to &vert wdter dway from areds 
with a hgh potenhal for slumping Use of treatment cells will allow simpler maintendnce since the 
tredtment medla will be consolidated in the cells instead of dong the enhre barrier A treatability study is in 
progress to determne more specific design specifications such ds the volume of the zero-valence iron and 
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the effect of d carbon source on denmficatron Because the redcuve barrier is d passive system and would 
not \igmticdntly dlter the overall hydraulic conductlvity 

The collection trench will be dpproximdtely 850 teet long (wtuch I\ the required width to capture the Tier II  
nitrate plume) two to three teet wide dnd dpproximdtely 20-30 teet deep The width ot the trench would 
be dictdted by design con!iderduons It I\ dnucipated thdt the trench would extend dbOUt ten feet into the 
wedthered bedrak to cdpture both bedrock dnd dlluvidl flow An inipermeable barrier would be placed on 
the downgradlent side so that flow IS ettecuvely dlverted to the tredtment cells The collectlon trench would 
be filled with d h @ l y  permeable medtd such as gravel to enhance flow the perforated PVC pipe and 
wbsequently to the treatment cells A geotexule would be placed dt the top of h s  medla to prevent 
bdckfilled soils from settling into the redcuve bamer 

3 2 Groundwater Flow and Transport Model to Evaluate Remedial Alternahves 

Severdl groundwater-modehng tools were used to evaluate the retined remdal alternatlves These tools 
included the followng 

PlumeJZushrng model Developed to provide a prehmnary esumate ot plume cleanup ume 

e 

Two-dunensronalplun-vrew plume model Developed to prom& estimates of plume rmgrahon 
rates, assist in evaluaung parameter values, and provide prehmnary sensiuvity analyses for key 
transport parameters 

Two-dunensional numncal vertzcal plane flow and transport mdeh Developed €or 
evaluauon of three remdal alternauves (not phytmedauon)  

Specifically, the numerical flow and transport models used were MODFLOW-SURFACT 
(HydroGeoLogic, 1996) and MODPATH (U S Geologcal Survey [USGS], 1994) MODFLOW- 
SURFACT is a three-dmensional numerical fimte-&fference model based on MODFLOW (USGS) 
MODFLOW-SURFACT was used to analyze groundwater flow withm a two-dtmensional verUcal cross- 
secbon of the aqulfer that extended along the axis of the SPP from the SEPs to North Walnut Creek 
MODPATH (USGS, 1994) was used to calculate the flow path of pmcles wthm the groundwater flow 
field using the output from MODFLOW-SURFACT 

The alternatlves evaluated by the models included no acbon, managed release, and treatment at Buildmg 
995 Effects of the phytoremdatlon alternattve were not simulated based on &scussions among the 
project team prior to conducbng the modeling Addbonally, simulabons did not specifically address the 
redcuve barrier technology becduse the dlternatlve was incorporated into the alternatlve analysis after the 
modeling had been performed For the alternahves considered, the models were used to esuniate 

0 

0 

0 

0 

Water levels, hydraulic gradents, and groundwater flow rates withm the UHSU, 
Dissolved chemcal trdnsport (plume nugrahon rates), 
Groundwater fluxes in the unconsolidated deposits and weathered bedrock dquifer zones, 
Changes in water budget for edch dquifer zone caused by SEP capping, 
Chenllcdl concentrduon.. In edch dquifer zone, 
F I u x a  of both groundwdter dnd dr~solved mas\ to North Wdlnut Creek 
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The hrnnel dnd gate system will extend horiZOntdlly dlong the north jide ot the North  ALL^ Rodd throush 
the tughest mtrdte pomon of the SPP dnd extend verticdlly dpproxinidtelv IO teet into the wedthered 
bedrock The malority of the system will be d bdITier thdt will hnnel wdter to the gdte wtuch will contam 
the redmve medu 

The oblecuves of the SPP remedlatlon include the following 

Protect North Walnut Creek by reducing the mass loadmg of mrrate to surtace water and ensure 
that surface water standards are met in the Creek. 

Design and install a passive syytem to intercept and treat the contarmnated groundwater of the SPP 
to remove mtrate 

Design and construct the reactlve barrier system in a manner whch mmmze~ the generauon of 
low-level mxed waste and/or hazardous waste and protects the habitat of Preble’s Meadow 
Jumping Mouse, whch was added to the Threatened Species List on May 18, 1998 

Design the reactwe barrier system to allow easy access for operatlons and mntenance and 
reactlve &a replacemeat or removal 

0 Evaluate effectiveness of reactlve barner system in removing mtrate 

Evaluate long-term effectlveness of the treatment system once it has been in operatlon for several 
Yf=S 

I 
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5 0 PROPOSED APPROACH 

The proposed approach to rhe SPP remedlauon is to instdll d reactive barrier north of the Solar Ponds on 
the northern side of the North Accesc; Road and to uulize treatment cells contaming zero-valence iron and 
orgdmc medla Figure 5-  I $how. the locauon of the reacuve barrier Treatabihty tesung will be requlred 
prior to design The ITS Fystem would be left in place to enhance the recovery ot groundwater 
Construcuon of the system is currently scheduled to begin in late March and be completed in June 1999 
The ITS system wll be cut during installauon of the reamve barrier dnd the resulung water will be 
nidndged We propose to avert water from the ITS or generated by construcuon dctiviues to Pond A- 1 
The &version of ITS water to the Pond A- 1 is expected to begm dunng the mobihzauon for installauon of 
the b m i e r  The &version, antrcipated to last less than six months, wll cease upon compleuon of the 
instdlldtlon, at whch trme the new system wll begm treatment 

5 1 Reachve Barner Design 

Modehng results presented earher idcated that the largest redurnon in mtrate flux to North Walnut Creek 
could be acheved by enhancing or deeprung the collectton trench closest to North Walnut Creek so that it 
cdptured the flow in the weathered bedrock Due to construmbihty considerabons, Preble’s Mouse habitat 
issues, cost considerabons and other drawbacks, enhancing the ITS is not feasible or pracucal However, a 
collecuon trench that is installed down into the weathered bedrock wll collect the same groundwater with a 
lower cost and impact to the environment The constructton would be restricted to the dtsturbed area 
dround the North Access Road Equipment could be staged to the east and south, outside of Preble’s @ Mousehabitat 

The reactwe bamer will have treatment cells fined wth a rmxture of orgamc medla to act as a carbon 
source for the won to induce demtnficabon and zero-valence xon to remove the urmum by chermcal 
redurnon. The orgamc medla could be peat, sawdust, or other types of orgmc matter. and wll be selected 
after treatabihty tesbng Multlple treatment cells wll be ubltzed to bemr m b u t e  the flow and to &vert 
water away from areas wth a hgh potenbal for slumping Use of treatment cells will allow simpler 
mamtenance since the treatment medta wl1 be consohdated in the cells instead of along the enme barrier 
Figure 5-2 shows a plan mew of the conceptual design of the collrnon trench 

The collecuon trench wl1 be approxlmately 850 feet long, two to three fee€ wde. and approxlmately 20-30 
feet deep The width of the trench will be dctated by design considerabons It is anhcipated that the 
trench w11 extend about ten fee€ into the weathered bedrock to capture both bedrock and alluwal flow An 
impermeable barrier will be placed on the downgradtent side so that flow is effmvely dtverted to the 
treatment cells The collwon trench will be filled with a hghly permeable mecha such as gravel to 
enhance flow the perforated PVC pipe and subsequently to the treatment cells A geotexule will be placed 
at the top of thls medla to prevent backfilled soils from settling into the reacuve barrier Figure 5-2 shows 
d conceptual cross-secUon of the recommended design of the poruon.. of the collection trench in between 
treatment cells 

5 2 Interceptor Trench System 

The collecuon trench will intercept the ITS allowing groundwater collected by the ITS upgrahent from the 
redcuve barrier to flow into the new collecuon trench The ITS lines whch are not intercepted by the 
bdrrler wall will be sealed off at the upgradent end with impermeable material Ths will permt the ITS to 
be used to enhance recovery upgrd&ent but not to short circuit the treatment cells dt the collection trench 

a 
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At present, the ITS system is also collecung surface wdter in the southern most trench The grdvel In tlus 
ITS trench extends to ground surfdce to dllow surtdce wdter collecuon dlong with groundwdter collection 
Approximately 700.000 gallon of wdter tlow into this trench each year As part ot th~s remedul dctlon the 
trench will be paved or grouted to prevent run-otl from flowing into the ITS dnd the redctive bdrrier 

As stated in Secuon 5 0, the ITS system will be cut during installduon of the redctlve bmier dnd the 
resulung water will be managed by &vet-Ung to Pond A- 1 The &version of ITS water to the Pond A- 1 is 
expected to begm during the mobibzatlon for installauon of the barrier The &version, dntlcipdted to last 
less than six months, will cease upon compleuon of the installauon, at wluch tlme the new system urlll 
begin treatment 

5 3 Worker Health and Safety 

A Site-Specific Health and Safety Plan (HASP) will be developed to address the satety and health hazards 
of each phase of project operanons and to specify the requrements and procedures for employee protectron 
The Occupatlonal Safety and Health Adrmmstratton constructlon standard for Hazardous Waste 
Operatlons and Emergency Response, 29 Code of Federal Regulatlons (CFR) 1926 65 will be used as the 
basis for the HASP In aahon ,  DOE Order 5480 9A, Constructlon Project Safety and Health 
Management, apphes to t b  project Thts order requlres preparatlon of Actmty Hazard Analyses (AHA) 
to 1denW-y each task, hazards assmated wth each task and controls necessary to ehrmnate or mugate the 
hazards The AHAs wll be mluded in the HASP e 
Th~s project could potenQdly expose workers to physical, chenucal, and low levels of rdologrcal hazards 
The physical hazards mclude those associated vvlth excavatlon actlviues, use of heavy expupme&, noise, 
heat stress, cold stress, and work on uneven surfaces Physical hazards wl1 be mugated by appropnate 
use of personal protectwe equpment (PPE), eqneenng, and admtntstratwe controls Because chemcal, 
skm, and resplratosy hazards are not anuapated due to extremely low concmtrauons and nature of 
contmnants, the use of PPE is not anncipated. If momtoring indcates the need for PPE and a hazard 
exists, the hazards w111 be mugated by the use of PPE and adrmmstrauve controls Routlne VOC 
momtoring will be conducted wth an orgmc vapor momtor for any employees who must work near the 
contammated soil (1 e , soil samplrng or excavatton personnel) Based on employee exposure evaluauons, 
the Site Health and Safety Officer may downgrade personal protectlve eqtupment requirements, if 
appropriate 

Since th~s is not a radologcal area, contmuous radiological controls are not expected to be required 
However, the HASP will include project "hold points," whch will account for unantlcipated hazards such 
as contamnated debris Radiatlon momtoring will be included as appropriate to meet tlus approach in the 
HASP per the RFETS Radological Controls Manual (Kaiser-kll, 1996) 

If field condtions vary from the planned approach, an AHA will be prepared for the new condtlons, and 
work will proceed accordmg to the appropriate control measures Data and controls will be contlnually 
evdluated Field radiological screerung will be conducted using radological instruments appropnate to 
detect surface contarmnatlon and dirborne radioactivity As required by 10 CFR 835, Radauon Protectlon 
of Occupdtional Workers, applicable RFETS implemenung procedures will be followed to insure 
protecuon of the workers, co-located workers, the public, dnd the environmeiit The HASP will describe the 
air momtoring equipment and methods to be used to morutor tor VOCs, particulates, dild rdldtion Finally, 
dust nummzdfion techques will be used to rmmnuze suspension 01 contdnundted \oil\ 

@ 
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Pertormdnce momtoring will be performed to determtne the ettecttveness of the system in m n g  the 
project objectives Momtoring of the treatment system will be dccomphshed by comparing results for 
wdter entering and leaving the system An access point will be installed to allow sampling inflow to the 
tredtment system A second dccess point wll be installed to dllow ~amphng of the treatment system 
effluent Adhttonally, downgrahent surface water quality will be momtored in North Walnut Creek at d 

ltndtion downgra&ent ot the SPP to assess if RFCA surface water quality standards dre met 

5 5 Waste Management 

When the excavauon for the placement of the impermeable b m e r  is performed, soil will be stockpiled 
ddjacent to the trench for use as backfill or to re-grade the area, if appropnate If water a m d a t e s  in the 
trench during excavauon and poses a threat to the excavauon progress, the water will be collected and 
dsposed to Pond A- 1 ,  if appropriate Any associated collected sedlment wll be segregated mxed wth 
backtill materral to make it more manageable for handhng, and returned to the trench, if appropnate 

The treatment system will contam reactwe medla that has a hmted life and will need replacement during 
the operattonal hfe of the system When the treatment capacity of the medla is exceeded it wll be 
replemshed, or removed and replaced The spent medla wll be stored and managed based on analpcal 
results (1 e ,  the spent medla wll be evaluated to detmrune whether it is a hazardous waste, and wll be 
managed accordmgly) ~t is anttcipated that the m a  w11 r-e replacement every five to ten years , 0 



Solar Fonds Plume Decision Document 
Date 01/05/99 

Document Number RF/RMRs-98-286 UN 
Re~lsion Draft 
Page 46 of 55 @ 6 0 ENVIRONMENTAL EVALUATION 

lncorporahon ot environmentdl values into Site decision dcxuments is mandated in the RFCA Ttus 
Decision Document is d malor mcxBficduon to the Fmaf Proposed IM/IRA Decluon f>ocrcmentfor the 
SEPr, 011 4 ,  and therefore is included in thdt requirement bv RFCA Accordnglv thi5 secuon provik5 d 

descriphon of potenual environmental impacts d\socidted with the remedlahon of groundwater at the SPP 

6 I Soils and Geology 

When the Reamve Barrier System is installed, the impdcts would include meversible loss of surtace soils 
subsurface deposits, and weathered bedrock The losses would extend the length, wdth and breadth of the 
new collecuon trench to be installed on the north side of the North Access Road Construcuon of Uus 
trench would necessitate removing 800 feet of surface soils, subsurface deposits, and weathered bedrock to 
d depth of 20 to 30 feet deep, extending about 10 feet into the weathered bedrock Whde soils would be 
removed and ulhmately replaced after drinage pipes were installed, the dsturbance would result in a 
permanent alterahon to the geology of the area 

6.2 Air Quality 

Non-radologml ax quahty impacts from the stated proposed achon are hrmted to the consuumon period, 
and consist pnmarrly of heavy eqwpment ermssions and dust created durrng the installahon of the Reactwe 
Barrier System. The Colorado AE Quahty Control Comrmssion requves that p r a m d ,  economcally 
reasonable, and technologcally feasible work pramces be used to control emtssions Techtllques such as 
using water sprays and stoppmg work during htgh wnd p o d s  (typically wnds ex&ng 15 mph) would 
be used If fossil fuel fued generators or other portable equipment would be needed, opaaty standards (20 
percent) must be met, and fuel usage tracked for the durahon of the project Heavy eqwpment (e g , 
trenchers, bulldozers, front-end loaders and dump trucks) would be used The impacts from these pieces of 
eqcupment, and from the constru~on of the trench itself, are short-term, and wth the use of proper dust 
suppression tecbques, controllable 

@ 

Radiological concerns would also be associated with dust emssions generated dunng soil dtsturbances An 
dpphcabon for approval is required to be tiled with the U S EPA and Colorado Department of Pubhc 
Health if ermssions would cause the most impacted member of the public to receive an effechve dose 
equivalent @DE) of 0 1 rmlhrem per year (mredyr) Based on samphng, the soils to be excavated 
contin very low concentrahons of radonuchdes Using conservahve assumphons (I e ,  all excavated soil 
is assumed to contam the greatest achvity of radonuchdes as deterrmned through analymal teshng of 
trench-area soil samples), the esbmated total uncontrolled EDE to the most impacted member of the pubhc 
would be 2 2E-03 mredyr, and would not exceed the 0 1 mrenvyr EDE threshold during the construchon 
of the trench 

6 3 Water Qualitv 

Wdter quality at the Site will be improved by removing nttrdtes from groundwater though use of a 
treatment system The system, as discussed in Section 5, will treat contamndted groundwater and 
dischdrge clean water to the aquifer Wdter qudlity, during construction of the system, could also be 
ddver5ely dffected by sedinientdhon However silt fences will be used to prevent eroded soils from 
reachmg North Walnut Creek 
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Water flow from the dqulfer to the creek will be increased during operation of the treatment system as the 
water currently pumped to Buildmg 374 for evaporauon will be returned to the stream Fystem The ability 
to relase claned water from the tratment Fystem will provide d rnechamsm to rnantdin natural stream 
flow5 

* 
6 4 Human Health and Safety 

The implernentatlon of th~s prolect could expose workers to physicdl, Chemcdl dnd low-level radIologicdl 
hdzards As discussed in Sectlon 5 3,  these hdzads will be considered dnd controlled during all phases of 
the project The use of controls and procedures for worker promon will also protect the pubhc, since 
work control measures are designed to identify potentlal hazards and prevent releases of 11 types (e g , dust 
control, decontammuon of excavation equpment) 

6 5 Ecological Resources 

The proposed alternative would affect vege$auon and wldhfe both dunng constructlon and after the project 
is complete Use of the passive reactwe barrier treatment system rather than the flash evaporators for 
treatment of water collected by the ITS would increase water flow into areas inhabited by the Preble’s 
Meadow Jumping Mouse, a federally-hsted threatened species 

Peripheral areas of the habitat for Preble’s Meadow Jumping Mouse would be hturbed by mnstallabon of 
the Reaave B m i a  System. The use of sfit fencing and RFETS procedures for revegetatton would 
mmrmze the possibihty of adverse effects Construaon ac%vtttes could cause erosion on the lullside and 
soil deposiQon in the habitat area Because & proposed construchon site IS just north of an already 
d~sturbed area in use as an access road, hmted impact is expected from constructton in the area However, 
constructton acttvltm would be hmted to periods when Preble’s Meadow Jumpmg Mouse IS hbematmg 
Disturbed areas would be revegetated wth name grasses, replacing the non-natlve smooth brome grass 
found in the area 

0 

6 6 Hlstonc Resources 

The Rocky Flats Plant site was placed on the Natlonal Repter of Hstoric Places as a I-hstoric District 
(5JF1227) on May 19, 1997 I-hstoric District daignauon mandates compltance with the I-hstoric 
Preservatlon Act of 1966, and the Programmatlc Agreement among RFFO, Colorado State I-hstoric 
Preservatlon Officer, and the Advlsory Council on fistoric Preservatton Regardmg fistmc Propertla at 
RFETS. Whlle the Reduced In!lltra~on/Wetlands Treatment project site would be withn the HMoric 
District boundaries, no impact 1s expected to occur to protected structures In the unlikely event that 
potenually hstoric amfacts are encountered, appropriate site procedures would be followed 

6 7 Visual Resources 

When the Reacuve Barrier System is installed north of the North Access Road, construcuon actlvitles will 
be visible to RFETS visitors The proposed acuviues would be simlar to those conunonly encountered 
with hghway and drainage constructlon actlviues a 



Solar Ponds Plume Decision Document 
Date 01/05/99 

Document Number RFMRS-98-286 UN 
Revlsion Draft 
Page 48 of 55 e 6 8 Noise 

The noise levels may he elevated dunng constructlon of the Reacuve Bdrrier Sv\tem 
not exceed those commonly encountered dt d hghwdy Construction site Appropridte hearing protecuon 
would be supplied tor proiect personnel 

Nme levels would 

idenufied in the prolect’q HASP 

6 Y Cumulatwe Effects 

The overall effect of the SPP groundwater remdauon dctivitles IS expected to be beneficial A long-term 
reducuon of groundwater contdnumuon would result, ds well ds dn incredse in flow to North Walnut 
Creek. 

Preventlon of groundwdter contamnahon is p m  of the overall mssion to clean up the site and make it safe 
for future uses The cumulatlve effects of th~s brodder, site-wide efiort are described in the Cumulative 
Inipucfs Document, (DOE, 1997) That document describes the short- dnd long-term effects from the 
overall site clean-up mission 

6 10 Unavoidable Adverse Effects 

Some temporary, adverse effects would necessardy occur because of the project achvihes Some 
vegetahon would be destroyed, and mmals may be temporarily &slocated Soil condrt~ons in &-bed 
areas would be changed Noise levels would increase shghtly and temporarily Fuels and other resources 
would be consumed, and some mnor quanbbes of au pollutants from constructton equ~pment would be 
released to the atmosphere Dust generated during field work would adversely affect ax quahty ’ a 
6 11 Short-term Uses Versus Long-Term Productwity 

The project area is currently vacant Project amwhes would improve water quallty, and would gtve the 
potentlal for other, possibly more productwe, uses after Site closure acttwtm are completed 

6 12 Irreversible and Irretrievable Comrmtments of Resources 

Ths project would rretrievably consume fuels and small qudnuues of mdterials in consuuctlon of the 
Reacuve Barrier trench None of these resources would be consumed in quanhues that are s1gmficant 
relauve to their consumphon elsewhere dCross the Site The project will not irreversibly affect natural 
resources 
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Nitrate, as N 100 n@' 
Uraruum 10 pcl/L' 

FWETS accelerated daions performed must dttan, to the mmmum extent pracwable, federal dnd state 
dpplicdble or relevant dnd dppropriate requirements ( ARARs) For that reason, the substanuve attribute, 
ot the federal dnd state MAR3 must be idenufied 
Environmental Response Compematlon dnd LidbiIitY Act (CERCLA) wdlves the procedural requirement to 
obtam federal, state, or lad1  permts (RFCA q116 d ) 

However, section 121 (e)( 1 ) ot Comprehensive 

The groundwater treatment umt and dtscharge will be located in the buffer zone For each perrmt wa~ved 
RFCA reqwes idenuficauon of the substantlve requrements that would have been imposed in the pernut 
process (RFCA q(17) Further, the method used to a m n  the substantlve permt requlremts must be 
explaned (RFCA '1[17 c ) The followng &scussion is intended to complrment other portfons of th~s 
Decision Document in a manner that sabsfies the RFCA pernut waver requirements 

7 1 Chemcal-Specific Reqrurements and Considerabons 

7 1 1 Colorado Water Quality Standards 

For the contarmnants of concern, the site-specific Colorado Water Quahty Standards for Segment 5 of Big 
Dry Creek are applicable to the segment of North Walnut Creek that wll receive the treated dscharge 
The site-specific water quahty standards are idennfied in the RFCA Amon Level Framework (ALF), Table 
1 These water w t y   standard^ are a~so relevant and appropriate to developing a hip that in11 capture, 
to the maximum extent pramcable, the groundwater that exceeds the surface water actlon levels (See 5 
CCR 1002-38, Classificabon and Numenc Standards South Platte kver Basin, S m o n  38 6, Segment 5, 
Big Dry Creek) The surface water quahty standards for the contarmnants of concern are presented in 
Table 6 

@ 

Table 7-1. Big Dry Creek Segment 5 Surface Water Quahty Standards 

7 1.2 Nabonal Emrssions Standards for Hazardous Air Pollutants (NESHAP) 

Title 40 of the CFR Part 61, Subparts A and H (Colorado Code of Regulatlons [CCR] 5 1001-3, 
Regulatlon No 8, Part A, Subparts A and H) contam the applicable NESHAPs Tfus regulatlon requires 
linuting R E T S  radonuclide ermssions to meet an annual public dose standard (to offsite member of the 
public) of 10 rmllirem (mrem), momtoring sigruficant ermssions points, nohfying EPNCDPHE and 
obtdirung approval (state perrmt) prior to construcbon or mdficabon of radonuclide sources with 
enussions excedng a 0 1 nuem threshold, dnd annual reporhng of the RFETS EDE for zach calendar year 
to demonstrate compliance with the 10 mrem standard 

Due to low concenuatlons of ra&onuclides in groundwater, surface and subsurface soils and because the 
proposed remediahon is a CERCLA project, EPNCDPHE nobficatlon and approval are not required The 
estirndted dose from the project is not expected to exceed the 0 1 mrem niorutoring threshold (See 40 CFR 
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@ 
7 2 Achon-Specific Requirements and Considerations 

The tollowing dctton-specific requirement$ dnd considerations were evdludted \pitic  to SPP 

Defimoon of Remdauon Waste 
Idenbficabon and Listmg of Hazardous Wastes 
Land Disposal Restrimons 
Construmon Waters 
Soil Staging 
Temporary Umt Tank and Contamer Storage 
Partlculate, VOC and Hazardous h r  Polluuon EmsTions 
Debm Treatment 
Water Treatment Umt 

7 2.1 R e d a b o n  Waste 

In RFCA r e a h o n  waste is defined as all 
( I )  Solid, hazardous, and muced wastes, 
(2) All media and debris that contam hazardous substances, listed hazardous or mned 
wastes or that exhibit a hazardous characteristic, and 
(3)  All hazardous substances generated from activities regulated under this Agreement as 
CERCLA response action (See RFCA 1125 b f )  

A parallel MimUon is also found in 40 CFR $260 10 As such, the defiiuon of remedmUon waste IS 
apphcable to all wastes. enwonmental &a (soil, groundwater, surface water, storm water and a@ and 
debris generated in conjunchon wth t h ~ ~  amon. 

7 2 2 Idenhficahon and Lisbng of Hazardous or TOXIC Substances Control Act Waste 

Reqlurements govermng the idenhficauon and lishng of hazardous wastes are appbcable to thls achon 
(See 40 CFR Part 26 1) Based upon process knowledge and characterizauon data from the SPP and ITS, 
the contammated groundwater and soil that will be addressed during tlus acUon does not conan  hazardous 
conshtuents For that reason, it is assumed that no hazardous waste hshng is apphcable to any 
groundwater, soil, or debris generated during the construchon or operahon of the proposed amon. 
However, if such waste is encountered, it will be managed accordmg to the substantwe requlrements of the 
regulauons Addmonally, no polychlorinated biphenyl (PCB) wastes are antnpated, however, if PCB 
wastes are generated they will be managed in accordance with the substantwe requirements of 40 CFR 
Part 76 1 

7.2 3 Wastewater Treatment Unit 

The Clean Water Act, NPDES governs the lschdrge of pollutants from dny point Source into the waters ot 
the Uruted Stdtes (See 40 CFR 5 122 I@)) The discharge from the tredtment urut is governed by the 

wtisfy 411 7 of RFCA The surface water quality standards (see Tdhle 7 1 section 7 1 1) dre relevant dnd 

1 a 
I 

I 
NPDES permt waiver described in Sectton 7 0 Therefore, the dscussion in tfus section is provided to 
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operduon were idenhfied 

7 2 4 Land Disposal Restrichom 

The Ldnd DiSpOSdl Restricuon levels tor wdqtewdter or non-wwtewdterq dre dppliLdbk to any remdahon 
wdste thdt embits a hdzdrdous wdste ChardcteriStIC or c0ntamS hsted hdzardous Wd9te if it is dchvely 
mandged outside of the dred of contarmndhon If dny hudrdous wdste is encountered during construmon, 
II  will be mdnaged accordmg to the substdnuve requirements of the regulduoni 

7 2.5 Construction Waters 

Wastewaters generated during construchon achvihes will be collected, then transferred to the MSTs for 
treatment Management of construchon-generated water is consistent wth the current method of storage 
dnd treatment 

7 2 6 Soil Staging 

The movement and temporary stagmg and replacement of excavated soils will be consistent wth the 
General Stormwater Permt for Construct~ons amvlues, Best Management Practices (BMPs) to control 
erosion Common BMPs include silt fences or hay bales Deeper, more contarmnated soils w11 be benched 
mthm the excavabon. Th~s wll ensure that sedments and contammints are conmned wthm the worlung @ dfEi 

7 2 7 Temporary Unit Tank and Contruner Storage 

Tanks and conmnexs may be used durrng construmon and startup to contam groundwater that may seep 
into the construcUon area The use of contanas for such waste does not requlre a temporary umt because 
the groundwater does not contan hazardous constttuents If any hazardous waste is encountered, it wll be 
managed accordmg to the substantwe requirements of the regulatlons 

7 2 8 Air Pollutant Emssions (Parhculates, Volatde Organic Compounds, Hazardous Air Pollutants) 

Soil excavauon acuvihes for th~s project have the potenual to generate racllopartlculate and fugiuve dust 
enussions Racllonuchde atr pollutant emssions are regulated by 40 CFR 6 1 ,  Subpart H (Radonuchde- 
NESHAP) and 5 CCR 1001-3 Regulahon No 8 The regulatory r-ng and momtoring requlrments 
and raaonuchde-standard hmtahons set forth in these regulattons are d~scussed in Sechon 7 1 2 

Fugihve parhculate emssions will be generated dunng construction achvihes Eshmated enussions are 
below dir enmsion inventory reporhng thresholds and are based on the volume of soil to be excavated, 
Ftockpiled, and backfilled 5 CCR 1001-3, Regulahon No 1 requires the implementahon of prachcal, 
economically reasonable, and technologically fedsible work pracuces to control parhculdte emssions 
During soil handhng achvihes, dust rmmmizauon twhmques such as water sprays, will be used to rmmrmze 
suspension of parhculates In addllhon, earth moving operahons will not be conducted dunng periods of 
h g h  wind The substantlve requirements of a control plan (Regulahon No 1, Secuon 111 D) will be 
included in prop3 documentahon In addiuon, RFETS Environmental Restorauon Field Operations 
Procedure FO 1 ,  Arr Momtoring and Parhculate Control, requirements are incorporated into project 
operatioils 

I) 



Solar Ponds Plume Decision Document Document Number WIRMRS-98-286 UN 
Date 01/05/99 Rcws~on Draft 

Page 52 of 55 
5 CCR 1001-3, Regulatlon No 7, regulates VOC emssions Regulatlon No 7 S m o n  11 requires new 
\ources of VOC to utlhze reasonably avdlable control technologes (RACT) VOCs may be emtted 
during soil excdvauon Although sigmticdnt VOC concentrattons dre not expected d boundmg dssumptlon 
hdS been made that less thdn 1 ton ot VOCF will be emtted from exc.dvdtion dnd \oil handhng dctlvitles 
Based on h s  dssumption, RACT will be attuned without implementlng specific. VOC controls for soil 
excavatlon, staging dnd replacement (See Statement ot Basis and Purpoqe Regulauon No 3, Pdrt D. July, 
15, 1993) 

e 

Regulatlon No 7, Secuon I11 governs the transfer and storage of VOCs and requlres bottom or submerged 
fill for contatners greater than 56 gallons CDPHE has prewously gxven guidance that any hqwd 
contwmng any amount of an orgmc compound may be considered a VOC for purposes of ths 
requuement Thls requlrement is apphcable to contamers and tanks larger than 56 gallons used to dewater 
the excdvatlon or used to manage decontarmnatlon wdter To the maximum extent pracucable, storage 
tanks and related eqwpment must be muntaned to prevent detectable vapor loss 

5 CCR 1001-3 Regulabon No 3, prowdes authority to CDPHE to inventory ;UT pollutant ermssions Part 
A, S m o n  I1 of thls regulatlon reqwes the submttal of Au Pollubon Ermssion Not~ces (MENS) to 
CDPHE pnor to imtlabon of the Solar Ponds Plume project if regulatory inventory thresholds are 
exceeded Based on conservabve assumpfions c o n m n g  soil-contamtnant concentrattons and project 
parameters, esbmated potentlal emssions will not exceed inventory-reportmg thresholds, so MENS do not 
need to be submtted to CDPHE 

Project operattons may reqwe hmted use of fossil-fuel fired generators or other portable eqrupmpnt The 
potenttal combustion-product ermssions from temporary use of these umts will not exceed APEN mvventay 
r-ng thresholds All fossil-fuel fired umts w11 comply wth the 20% opacity standard set forth 111 5 
CCR 1001-3, S m o n  I1 

0 

7 2 9 Debns Treatment 

During construmon acbvitles, it is expected that some debris and construmon waste will be genetated 
None will be considered hazardous waste 

7 3 Locabon Specific Requlrements and Considerations 

7 3.1 Endangered Species Act 

The Endangered Species Act, 50 CFR Part 17, and the Colorado Nongame, Endangered, or Threatened 
Species Conservatlon Act, CRS 33-2-101, et seq are relevant and appropriate because the actlon has the 
potential to affect critlcal habitat for Preble’s Meadow Jumping Mouse However no long-term or adverse 
impact is anhcipated and applicable R E T S  site procedures and DOE orders will be implemented to ensure 
dttdlnment of these ARARs The Fish and Wildlife Service will be consulted prior to iruuahon of the 
proposed actlon 

7 3 2 Fish and Wildlife Coordination Act 

The Fish and Wildlife Codrlndtlon Act, 16 USC $661 is not dpplicable becdUSe there will be no 
nmhfication to the wetlands or alteration of a flowing stream with the potentidl to impdct wildlife The 
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@ Fish and Wildlife Servlce will be consulted under the Memorandum of Understandmg between the DOE 
dnd the Fish dnd Wildhfe Service prior to inthauon of the proposed achon 

7 3 3 Wetland Assessment 

Pursuant to Execuuve Order 1 1990, dnd 40 CFR Pdrt 6 Appenchx A, federdl dgencia muFt prevent, to the 
extent powble. the ddVa\e impdcts ot destroying or mdfying wetlands dnd must prevent l r ec t  or inlreci 
wpport of new consvuctmn in wetlands if there IS d practlcable dlternauve These requirements dre not 
dppllcable to the Soldf Pond Plume dcuon becduse no wetlands wll be dtsturbed durin? implementauon of 
the proposed acuon 
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Instdllabon of the collectlodueatment sy\tem tor  the SPP is scheduled to comnience during spring 1999 
dnd system startup is dnticipated to begin within 3 nionths of \tat 01 conmucuon Any deldys, scope or 
budget changes mdy dffect thrs schedule The eroundwdter collection dnd tredtment system IS expected to 
be the long-term remedy tor the SPP The \ s t e m  I\ expwted to operate 
origml oblecuves 

long ds it IF required to meet the 
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APPENDIX A- ALTERNATIVE ANALYSIS e 
A 1 Introduction 

Ths dppendix presents the proces\ used to \elect re&ti\e bdrrler the preferred dlternauve to dddress the 
SPP Previous to this effort, an dlternative screerung tor the SPP wd\ documented in the SPP Reniedrarron 
and ITS Water Treatment Study (RMRS, 1997) 
Lonsiderauon 

Four dlternduves were selected for further 

Mandged Release. 
0 Treatment at Buildmg 995, 
0 PhytoremedIauon, and 
0 Enhanced Evaporatton 

The scrmng of alternatrves was performed a second trme to reflect 1) changes in selection cribma, 2) a 
techcal evaluatton of phytore-atton, 3) a treatabihty study on 995 operatton, and 4) recent techntcal 
informatton on zero-valence lron As described in Smon A 3 ,  the following five technologies were 
selected in the second screemng for final comparison 

NoAcuon, 
Managed Release 
Treatment at Buildmg 995 

0 ReacuveBamer 
0 Phytoremedtauon,and 

Tlus appenax presents the criteria used to screen and compare alternatwes, the second scrmng of 
alternattves, a final comparison of alternauves and the final selectton of an altmuve The altemauve 
analysis is orgmzed as follows 

A 1 Introductron 

A 2 Selechon Criteria - The sechon contans the revised criteria used for a second alternatrve screemng 
and the final comparison of alternatives Although modrficatrons were made to refleCt more recent data, the 
criteria still conforms to RFCA, Appen&x 3, RFCA Implementauon Guidance Document (DOE, 1997) 

A.3 Alternatrve Screening - Thls sectton contiuns the second screemng of the alternattves based on the 
revised criteria 

A 4 Descriphon of the Final Alternative - Thls section contans descnpuons of the five final alternattves 
to be analyzed in the final comparison of alternahves 

A 5 Final Comparison of Alternatives - 731s section consists of the findl comparison of the five, screened 
alternduves dnd the selection of the best dlternahve to address the SPP 
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A 2 Selectmn Cnteria 

The two-\tep dlternauve selemon process described in the RFCA Implementation Guidance Document 
(DOE, 1997) wds used to select the best dlternatlve Th~s process consists of an inctlal screerung to select 
the best dlternahves followed by d compdrdhve analysis of the dlterndtlves Both the screerung and the 
compdrdhve dndlysis dre bdsed on the three following criterid 

I ) Effect~ventrss - Includes protecuveness of public health, workers, dnd the environment. dbility to dttam 
ARARs, the level of treatmend contamment, residual ettect concerns, dnd the abihty to wntam 
protectiveness on an long-term basis The abilty to remove or immobilize both mtrates and urdntum 
was considered when evaluatmg effecuveness 

2) ImDlementabilitv - Includes the techn~cal feasibihty, avwlabihty of resources, and admimstratlve 
feasibihty It also includes implementability based on land-use restrichons due to Preble’s Mouse 
habitat 

3) - Includes capital costs, operahon costs, mantena.nce costs, and present worth analysis 
Operatlon and m n t m c e  costs dre assumed to include samphng and analysis Waste dsposal costs, 
aside from some transportauon and samphng costs, are not included in the eshmate Costs are 
escalated five percent for outyears 

NEPA values played an Mportant role in altemaQve sdect~on. In part~cular, new emphasu was placed on 
preserving the habitat of Reble’s Meadow Jumping Mouse (Preble’s Mouse), a threatenxi speues uuder 
the Endangexed Species Act. The habitat hes north of the Solar Ponds along the North Walnut Creek 
dramage The habitat plays an important role in the declsion malang process because it affects both the 
effectweness (through the altemat~ves ablllty to attan ARARs and to be p r o m v e  of the enwonment) and 
the implementaton of an almnatwe (fmibihty of an altername is restricted by the defined habitat of 
Preble’s Mouse) 

0 

Emphasis was also placed on alternahves that would serve as a long-term soluhon, hence, more emphasis 
on passive remedtahon methods were favored A long-term approach IS defined as an approach that can 
effectwely mhgate the contarmnants indefimtely, after plant systems are shut down and RFETS has 
undergone closure Addbonally, the alternauves were reevaluated based on theu ability to remove both 
mtrates and uramum 

A 3 Alternatwe Screening 

The second screemng of alternauves was lirmted because many of the alternduves were not iniplementable 
based on the new criteria No alternatlve was selected that would destroy Preble’s Mouse habitat andor 
consisted of a non-passive treatment system Th~s elirmnated the following alternatives from future 
consideratlon in the screerung process 

Evaporatlon at Buildmg 374 
0 Treatment at MSTs 
0 Constructed Wetland 0 0 Off-Channel Evaporahon Pond 
0 Enhdnced Evaporatlon 
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Dispersion Field (Lach Field) 
Edrly Cdpplng Of the Solar Ponck 
Enhanced ITS 
Recirculattng Water to Solar Pond\ 
Inlemon of Orgmc Liqwds 
Ex Situ Metal Treatment Process 
Demtrificauon Umt at ITS Pump HouTe 
Pave the ITS 

The excepuon to th~s is the uuhzatton of the Buildmg 995 sewdge treatment system, whch although IS not a 
long-term soluhon, was carried through the screerung phase bdsed on the dvadabihty and rmmmaI impacts 
to environmentally sensiuve areas 

Enhanced evaporahon was not orig~nally screened out in the in~ual screerung in the SPP remxhabon and 
ITS water treatment study (RMRS, 1997) However, it was screened out in th~s decsion cbcummt because 
it &d not present a long-term solut~on, the instabillty of the MST system, and the potenQal for freenng 
The reamve passive barrier (ongmally rodpeat passive treatment) was not screened out because it is 
effectwe on urmum and nttrates, and it is a long-term solubon A no-actlon (drect release) altemtwe 
was considered to meet NEPA reqwements The five technologies selected for the comparauve analysis of 
alternauves then become 

NoAcuon, @ ManagedRelease 
Treatment at Buldmg 995 
Phytoremdauon, and 
ReacuveBarrier 

A 4 Descnpbon of final Alternatms 

A 4.1 Alternahve 1 - No Achon 

The no-acuon alternauve is defined as no new acuon as well as a cessauon of prewous intenm remedd 
acuons Specifically, the ITS, MSTs, Interceptor Ditch Pump House, and associated fixtures and pipellnes 
would be deachvated and decomssioned Th~s alternahve is idenbcal to the Dlrect Release Alternahve in 
the SPP Remediation and ITS Water Treatment Study (RMRS, 1997) Surface water and groundwater 
would flow into North Walnut Creek through natural conveyances Because the ITS system would be 
grouted as part of deacuvabon, it would remam a pmal impdment to groundwater flow and plume 
nugrauon, however. once steady-state con&bons have been met, the effecuveness of the ITS as a barrier 
will likely be negligible Prior to implementmg grouhng of the ITS, the impacts will be analyzed to ensure 
that it does not force the groundwater plume into premously uncontarmnated areas 

A 4 2 Alternative 2 - Managed Release 

Under th~s scenario, untreated ITS water would be reledsed to North Wdlnut Creek During Phase I the 
interim tutrate surfdce wdter stdndard of 100 nig/L is in pldce Pumping at the ITS puiiip house would 
cedse dnd the ITS wdter would be dllowed to flow from the pump house to North Wdlnut Creek 
Phdse 11, the ITS would be deconmssioned b) grouting after capping of the Solar Ponds in 2005 

During 
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T e c h c a l  evaluahon of the impacts of Phase I on North Walnut Creek indcated that the mtrate and 
uraruum surface wdter standards would be met on d seasonal basis However, there would likely be hmes 
during low flow periods when the surfdce wdter standards of North Wdlnut Creek would not be met The 
eftectweness of Phase 11 wl1 be evaludted during the current groundwater dssessment and modehng 
dcuvihes It IF wspected that North Wdlnut Creek would not meet the wrtdce water standard for rutrate of 
10 mg/L The prinwy drawback to thts r e m d a l  altername, is its inability to meet the surfdce wdter 
\tandads on d d&lV bdsiS as reqwred by RFCA 

No actton is Mned as no collectton and no 
treatment of groundwater Abandonment of 
the ITS would be included under thls 

Table A-1 Screerung 

1) No Acbon 
(Direct Release) 

sYm=n.mae 
Selected - Low cost, meets NEPA 
rwrements for alteznatwe 
analysis. does not effechvely treat 

2) Managed Release 

3) Treatment at 
Buldrng 995 

4)Phytoremedlabon 

5) Reactwe Barne r  

6) Evaporation at 
Blulding 374 

7) Treatment at 
MSTs 

opoon. The no actton altemauve supports contarmnants 
the reqwements of NEPA for remedy I 
standard for atrate of 100 mgh is 
implemnted, the ITS would be abandoned 

intercept and treat SPP hghly effecuve on rutrate, 
Disruptwe to Preble’s Mouse 

filtrahon, and biodemtrificatlon treatment system when exishng 
systems at 995 and 374 could be 
used Potenual to greatly &sturb 
Preble’s Mouse Habitat, not a 
long-term soluhon 



AlhrmfiW 1 Pllascripilon 
8) Constructed 
Wetland 

Under th~s alternduve d wetland would be 
constructed away troni the A-Series pond$ 

SC€t!&@g ResNIts 
Screened Out - Would be 
disruptwe to Preble’s Mouse 
hdbitdt 
Screened Out - would reqwre use 
of undsturbed land, would impact 
Preble’s Mouse habitat, not a 
long-term soluuon since closure 
would have to be done eventually 

9) Off-Channel 
Evaporahon Pond 

Water is sent to d lined evdporauon pond in 

the buffer zone instead of the MSTs The 
pond would be dpproxtmately 4-5 dmx’ 

Evaporation 
10) Enhanced 

spray nozzles would be installed at the top ot 
each MST Pumps would cltculate the water 
Enhand evaporation would occur because 
the arr to water interface area would be 

I imroved 

on the evaporation pond 
Screened Out - not a long-term MSTs would be uulized as evaporators 132 

11) DIspersron 
field (Leach Reid) 

12) Early Capping 
of the Solar Ponds 

Water is pumped from the MSTs to a leach 
field outside of the North Walnut Creek 
dramage Leach field would be constructed 
out of 54 rows of parallel trenches 
Race a cap on the Solar Ponds as an interim 
Amon to reduce groundwater flow and the 
mass flux of the contarmnants 

13) Enhanced ITS 

dpprOaCh, requires freeze 
protectron 

another altemahve 
Screened Out - Passive only if Excavate the ITS and place collemon pipe 

Screened Out - would lkely 
contarmnate clean soil and water, 
not effmve on urmum 

14) Recirculabon 
of Water to Solar 

Screened Out - figh cost, would 
not treat contarmnauon in the 
groundwater, would not intercept 
plume, could be combined wth 

Pump ITS water back into Solar Ponds Screened Out - Did not work 
before, would cause slope stabihty 

system about ten feet mto bedrock combined wth a passive 
technology, would lmpact Preble’s 
Mouse habitat 

Ponds 
15) injection of 
Organic Liqwds 

16) Ex Situ Metal 
Treatment Process 

An orgmc hqud such as molasses or acmc 
acid would be injected into the rutrate plume 

An ex situ system using a reactwe would be 
used to reduce the rutrates to rutrogen 

groblems, does not treat the water 
Screened Out - Orgatucs would 
increase biological oxygen demand 
in stream, ecosystem could be 
damaged by residual liquids 
Screened Out - Not a long-term 
soluuon, could generate trace 
amounts of other contamnants, non 

* 
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A mobile treatment umt that would derutrify 
the water using sewdge treatment technologies 

Elirmnate surface water flow into the ITS by 
paving over the most south collecuon trench 
since it is design to capture run-off 

Screened Out - Non-passive. not 
d long-term soluuon, High annudl 
operatlng cost 
Screened Out - Does not treat or 
intercept exlstmg plume, could be 
combined wth another alternattve 

Table A-1. (conmued) 
M U *  1 -pfaon I sommw ..- 

A 4.3 Treatment of ITS Water at Bmldmg 995 

ITS water would be pumped to the STP (Bwldmg 995) rather than to the evaporators at Buldmg 374 
Redtrectlon of the ITS water to Bwldmg 995 would involve very httle mod&atlon to the Site’s 
infrastructure as most of the necessary components are m place and useable The 995 treatment system 
would reqwe rnodtficabons to address the influx of water Specgically, methanol would need to be added 
to the input stream to support the biologcal reductton of mtrates Water would be sent to & RFETS 
Sewage Treatment Plant either by routrng it through the emstrng hne that runs from MSTs to the 374 
Evaporator or by tying into a hne that runs from the Solar Ponds area to Buildmg 910 where it would be 
dtverted to the smtary sewex The ITS water is expected to have a major impact on operatlons at the 
facihty since it would r q e  operators to be present around the clock. Treatabihty studes were 
performed to assess the mpacts of the ITS water on the current operatmg process, as well as impacts to the 
proposed odoff aerauon system for tfus bwldmg were suggested Evalwuon of the potentxal impact of the 
urmum in the ITS water on the possible future land apphcaUon of STP biosohds was also conducted. 0 
A.4.4 Phytoremediation 

Phytoremdatton is an emergmg soil, groundwater, and wastewater r e d a t l o n  technology that makes use 
of designed plant systems to remove, contiun, or change the form of metals, orgaxuc, and radtoaave 
compounds Phytorem&atron systems can be a a v e  (mgated wth contarmnated water) or passive (deep- 
rooted plants draw water dmctly from contarmnated aqulfer) A study was conducted in whch both acme 
and passive systems were evaluated, the passive system was selected as the best approach to meet the long- 
term Objectives of the I M R A  The passive system wll focus on mimrmvng recharge of contaminated 
SPP groundwater to North Walnut Creek This passive phytoremdauon system wll involve planung of 
deep-rootrng name vegetauon in the SPP upgracllent of North Walnut Creek to intercept shallow 
groundwater The Preble’s Mouse, a species recently hted as threatened, hves in the riparian areas along 
North Walnut Creek. To protect the Preble’s habitat, only name vegetabon wll be planted in any 
phytoremdaQon system implemented, and th~s will be outside of the designated Preble’s habitat 

The selected vegetauon would likely be a name cottonwood tree (Populus spp ) Iruudlly, the trees will be 
irrigated to establish the trees and tram the root systems for maximum intercepuon of plume flow It is 
dnhcipdted that four years will be required for the trees to become mature enough to survive without 
irrigabon and provide control of the SPP 
using cottonwood trees will be hghly effechve in reducing mtrate concentrabons in groundwater The fate 
of the dissolved uramum in the groundwater after implementauon of a phytoremfxhahon system is unclear 

Review of published research indcates that phytoremdauon 
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A 4 5 Reacbve Barner 

The redctive barrier consists ot d cut-off trench that would &ret the wdler through tredtment cell(s) tilled 
with zero-vdlence iron dnd a carbon 5ource wCh as peat or sdwdust thdl would immobihze the uraxuum 
through chemcdl reduchon Nitrates would also be reduced, however d treatability study is needed to 
determne effechveness and reamon products The treatability study would also be needed to deterrmne 
more defirutlve design specificabons such ds the volume and width ot the zero-valence non, residence hme, 
the effect of a carbon source on demtrificauon, dnd to quanuly the effecuveness on watllum Because it is 
d passive system dnd the nonlorgmc medla would not sigmticantly dlter the overall hydraulic condumvity, 
it was dssumed that trench would be approxlmately 850 feet long whch IS the requred wdth to capture the 
Tier I1 rutrate plume The trench would be installed north of the North Access Road whch is just north of 
the Protected Area on the north side ot the Solar Ponds to the south of the protected area fence Under thls 
dternahve, d graded approach towards remixhahon would be used Water from the ITS would be imbally 
sent to the 374 evaporator as is the current practxe Based on the treatabihty studtes, it w11 be determned 
whether to keep pumpmg the ITS, use in situ biologxal treatment, or an ex situ treatment system just north 
of the ITS sump If it appears that an ex situ treatment system at the based of the ITS sump is necessary, 
then thls work wll be irubated ixmndately to take advantage of the tubernahon p o d  of heble’s Mouse 

A 5 Comparatwe Analysls Of Alternatwes 

A 5 1 Alternatwe 1 - No Actron 

There is no reduaon in toncity, mobihty, or volume of contarmnahon except through natural attenuauon. 
This alternahve is not as effectrve as other alternattves Long-term effechveness could be better than short- 
term effectrveness because caps planned for the Solar Ponds could reduce the flow through Contarmnated 
areas Thls cumulabve effect wll not sigmlicantly change the flow in the North Walnut Creek Dratnage, 
however, it will reduce the expure  of groundwater and surface water to potenttal sourm whch wll 
ensure a greater degree of prokx%veness for the publlc and the environment since contarmnant 
concentrahons should decrease 

Thls alternabve possibly could comply with ARMS, however, treatment or momtoring surface water 
standards could potemally be exceeded, in pmcular, North Walnut Creek mght not meet the surface 
water standard for rutrate of 10 mg/L It does not appear to have a direct impact on Preble’s Mouse 
habitat 

ImDlementabih Cy 

There is no remedial amon, so there are no immdate implementabon problems The ITS would need to 
be grouted, however, ths  task could have a fairly open schedule and few impacts 

- cost 

The cost for th l5  ahernatwe is very nutumal The costs consist ot d one time capitdl cost of $107,O00 for 
decomssiomng the existmg ITS system plus an dd&uonal cost ot $lOO,OOO for ground water assessment 
Ttus estlniate wds developed as part of the orignal screnmg presented in RMRS (1997) on pdge 3-5 For 

I. 
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comparison purposes, twenty-five years was used for operauonal lite ot all alternauves Table A-2 
presents d cost comparison of the alternduves 

A 3 2 Alternahve 2 - Managed Release 

Etfechveness 

Over d short-term penod (defined ds when the ITS is taken off-line unul d cdp is placed on the Solar Ponds) 
the Managed Release is a more elfmve method than no-actlon of ensuring grater protectlveness for the 
public and the e n w o m n t  Water would be held in Pond A 4  unul analyt~cal samphng results confinned 
that the water could be released Once the Solar Pond cap was in place then the water would be duectly 
released into the North Walnut Drwnage system so its long-term effect would be sirmlar to Alternauve 1, 
No Achon M a n g  of the Managed Release Altemuve is documented in Management Plan f o r  the ITS 
Water (RMRS, 1996) Table A-3 presents the results of the model The effecuveness of thts alternahve is 
based on the stream standards for North Walnut Creek. On March 3,1997, the Water Quahty Control 
Commtssion estabhhed a stream standard of 100 mgn unhl2006 The Solar Ponds should be capped by 
2006 and contmnahon gomg into to the drwnage basin should decrease The inodehng does not address 
the reducuon in contarmnant collcentrauons due to the Solar Ponds cap whch should further reduce the 
impact of mtrates and urmum when the stream standard for mates  returns to 10 mgL 
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Season 

Dec, Jan, Feb 
Mar, Apr, May 
Jun, Jul, Aug 
Sen  Oct. Nov 

ImDlementabili tv 

Average Predicted Nitrate 

32 9 7  
20 6 6  
35 8 7  
18 6 7  

Average Predicted Uranium Activity 
Concentratron NO3 - N) (PCW 

Th~s alternatlve is highly implementable since it consists of instalhng a pipelme, momtoring groundwater, 
and groutlng the ITS Thls alternatlve is techcally and adrmmstratlvely feasible since the major 
components hke the MSTs and the A 4  Pond are already in place The hne from MSTs to A 4  Pond is no 
longer in place and wll  have to be reinstalled Materrals for the pipellne are r&ly avrulable 

- cost 

The cost of Managed Release Altername is approximately the same as &ect release except that an 
dmkonal capital cost of $40,0o0 would be incurred to install the pipellne form the MSTs to the A4 Pond 
An annual cost of $lO,0o0 per year was assumed for the labor to sample and manage the system plus 
sampllng equipment and supplles 

A.3.3 Alternative 3 - Treatment at Bmldlng 995 

Effectiveness 

On a short-term basis, treatment at STP would not be protectwe of human health and the envuonment 
unless it is pretreated to remove u r m u m  Furthermore, the STP is not set up to treat mtrates Treatment 
would include the ambon of a methanol feed as a food source to sustrun biologcal reducuon of mtrates 
Even if treatment for mtrates were added, the STP IS not effechve as a long-term soluhon since the 995- 
treatment system wl1 be shut down as part of RFETS closure At best. th~s would be a temporary optlon. 
Urdruum would need to be captured in the sohds recovered through processing and shtpped to the Nevada 
Test Site, STP plans call for land farmng of biosohds in whch case urmum concentrahons in the ITS 
water are probably too h g h  The treatment process would dscharge water that would mnunue to meet the 
NPDES requirements Because of the mtrate concentrakons, there is a potent& that the &charge from the 
STP could be htgher than the "DES requirements To ensure that the dscharge requirements are met, the 
facility would have to go back to round-the-clock operauon 

Even if existing piping is sound, th~s  ophon would sbll require redesign and construchon of the STP 
Impacts to Preble's Mouse habitat would be very mmmdl 
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UtiliZlng exisung piping would cost about $16,000 in Cdpltdl LO\t\ whch d\sunles thdt d llldlor 
mdficauon would not be required The cost to mocllfy the STP is the remdnder ot the cdpitdl cost of 
$134,800 Operdtlon of the sewage treatment plant is dboUt $343,200 tor the yearly flow of three mlhon 
gdllons An dd&uonal cost could be incurred in &sposing of the biosolids Because of the magmtude of 
the annual costs thls alternduve hdd the hghest total escaldted cost as well as the hghest present worth 
cost It should be noted that at some point in ume the samtdrv sewer system would not be operauon, at 
wtuch tlme ad&uonal costs could be incurred to contlnue to provide treatment 

A 3 4 Alternatwe 4 - Phytoremediahon 

Alternauve 4- Phytoremdauon would only address approxlmately one h - d  of the m a t e  loadmg currently 
bang addressed by the ITS Tlus removal rate is the peak of the phytoremedtatlon system effecttveness 
since a startup p i o d  of about four years would be reqwed before peak performance is seen Tlus 
removal rate is not hgh enough to effmvely protect the pubhc health and envuonment Furthermore, ths  
altematlve would be &mental to Preble's Mouse Habitat, whch would fall under the Endangered 
Species Act as an ARAR whch makes ths alternauve unsuitable as either a short-term or long-term 
soluuon 

As noted above, although it is techtllcally feasible, the alternauve is has low implementabihty because of 
potenhal impacts to Preble's Mouse Habitat. 

- cost 

The capital costs are $67 1 $00 for estabhshng a phytoremdauon system. Closure costs for the ITS were 
not included Operauon and mamtenance (annual costs) were estlmated to be about $15,000 

A 3 5 Alternatwe 5 - Reachve Barrier 

Effectweness 

Thls dternahve offers a combinaQon of both short-term and long-term benefits The reactlve barrier would 
treat both uraruum and rutrate A quanhtahve removal efficiency will be evaluated as part of a treatabihty 
study Because the ITS will be utdized as a back-up system, tlus alternauve can provide two levels of 
protecuon Thls alternatwe offers the greatest degree of long-term protecuveness to the public, workers, 
dnd the environment 

Implementability 

The redctive bdrrier would be placed north of the road whlch is cotwdered outside of Preble's Mouse 
hdbftat dnd therefore will have mmmal impacts If installed, a pdssive treatment syqtem to address the ITS 
water would be closer to the habitat area dnd precautlons would be necessary ' h s  is dn available e 
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technology. however, treatability tesung is needed to develop design parameter$ for the redcuve barrier and 
to evaluate options tor the ITS water 

The capital co\t wds based on d co\t 01 $1 070,(X)O to instdll the reactive barrier b&\ed on preview 

esumates tor the Edst Trenches Plume For cost esumatlng purpose\. it was assumed thdt d pdssive 
tredtment hystem would be placed dt the ITS sump to tredt rutrates The cdpital cost ot thls system wa\ 
estlmated to be $150,000 plus $30,000 tor pdving the porttons ot the ITS yieldtng a total capital cost ot 
$1.220.000 Operatlon and Muntenance costs were estlmated to be about $lO,OOO per year Costs tor 
replacing the reacuve medla were not included since, although the life of the reamve medla is not known, I t  
could be outside the period of 25 years used for cost esbmauon purposes 

A 3 6 Alternahve Selechon 

Alternabve 5, Reactlve Bamer is recommended as the most suable altematlve to ensure both 
protectlveness and long-term operatlon The three key criteria in thls decision was impact to Preble’s 
Mouse habitat, the abihty to operate passively over an extended period of time, and the abihty to address 
contamnants of concern. 
process because the other alternatwes had fatal flaws Aternatwe 1, No Achon is hkely to increase rutrate 
concentratlons because operauon of the ITS would be dtscontmued Reducing the existmg degree of 
protectlveaess was considered a fatal flaw and this altematwe was not selected Altematlve 3, Treatment 
of ITS water at Buldtng 995 was not a long-term salmon and cream problems for the STP even as a 
short-term soluUon. Altemattve 4, Phytoremdtatlon was not effectwe and was too damagmg to the 
extstmg ecological habitat If Site coduons could have supported more trees and there was not a 
threatened species on Site, then thls alternatrve would be considered in a more favorable hght 

Ulhmately, cost dtd not play an important factor in the altername selectlon 

Alternahve 2, Managed Release, is the best alternative to instalhng a reactwe bamer but based on informal 
input was not viewed favorably by the regulatory agencies The biggest drawback is that Managed 
Release rehed on changes in how surface water is managed and comphance is muntuned It does offer 
many benefits, includtng little impact to Preble’s Mouse habitat, low cost, and it is a long-term soluuon 

Alternative 5, Reactlve Barriers, although relahvely costly would provide the greatest level of groundwater 
treatment of all the alternames It is recommended for the following reasons 

Nitrates would be reduced 
It offers the greatest degree of protectiveness 
It would have very rmmmal impacts to Preble’s Mouse habit 
Most of the disruphon during installahon will occur outside the habitdt drea 
It is a long-term soluuon 
It does not require elements of the RFETS infrastructure that are likely to be abdndonzd 
The technology is avadable and has become more established 
Groundwater flow can be restored to its natural dtscharge point in the dramage system (I e , under 
natural conditions, groundwater discharges to the North Walnut Creek drainage at the base of the tu11 
dope) 

N.. 
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Urdruum would be removed 

It offers the greatest degree of flexibility 
The reacuve bmier IS passive dnd low mdintenance 
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